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PREFACE 
 
 
The project group for soil contamination has developed a report that describes the risk 
assessment for a polluted site C in Germany. 
 
The preliminary and descriptive soil research was done by a German constancy bureau. 
TNO was asked as expert to help in the evaluating of the risks and the possibilities for 
sanitation. 
 
TNO gave us the unique opportunity to assist in this joint research by evaluating the soil 
contamination for humane and ecological exposure. Also the groundwater migration had to 
be unravelled in detail.  
 
Special thanks goes to the Open University of Heerlen in particular InCompany and Jeroen 
ter Meer from TNO-MEP to give us the possibility of learning and working in a real time 
company environment. 
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This report describes the risk assessment for site C. The site is situated in Germany. 
 
Chapter 1 and 2 describes the general concept and purpose for the risk assessment. This 
includes general site information. Chapter 3 compares the soil standards with the 
concentrations found in the soil and the ground water. In the first part of the chapter more 
in dept information is given about the German and Dutch soil standards. The human risk 
assessment is discussed in chapter 4. The general approach and conceptual site model in 
given in the first part of the chapter. Chapter 5 handles about the ecological risks present 
on site B. The method that uses maximum permissible concentrations is used to protect 
parts or the ecosystem as a whole. The ground water risks for migration are reviewed in 
chapter 6. The saturated and unsaturated zone is evaluated. For the saturated zone nine 
control elements are applied to ground the conclusions and remarks.    
In chapter 7 the general conclusions and remarks are presented for the entire risk 
evaluation. Chapter 8 contains references and chapter 9 the appendixes.  
 
Summary 
 
The risk assessment indicates a strong need for sanitation and remediation 
actions. Sanitation for site C is urgent. 
 
The human exposure to volatile organic contaminants in indoor air, especially 
aromatic hydrocarbons, can suppose a health risk. At this moment the 
possibility exists that the RfD or/and TCA is exceeded in indoor air in the 
industrial buildings. The ecological risk assessment contributes to the need for 
sanitation. If the contaminants enter the river aquatic ecosystem damage can 
occur. The risk for migration indicates the strongest need for sanitation. 
Almost for every criteria (control element) the answer was positive.    
Hence, further monitoring of all the sampling wells is recommended together 
with collecting indoor and soil air samples. Placing additional sampling wells 
is essential to fill in some main data gabs. 
The model calculations with risk human, Johnson & Ettinger and Bioscreen are 
only a screening, and in they can be confirmed by measurements. 
 
Removing of the floating layer of LNAPL could be the starting point for 
sanitation. 
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1 INTRODUCTION 
1.1 General concept for the assessment  
This chapter describes the general concept that will be used for this risk assessment. 
Figure 1.1 shows a schematic approach for the humane, ecological and migration risks. 
Through the control elements one can build a more solid conclusion about the human, 
ecological and migration risks and the need for sanitation.  
 
Risk assessment
 Soil contamination
Human risk
Unsaturated zone
Migration risk
Saturated zone
Control elements
• RfD: risk index
• TCA: risk index
• Drinking water standards
•Potential landuse site
Control elements
• Soil screening level: soil conc. > or < than
screening level
• Dilution factor
• Mass-limit soil screening level
Control elements
• Presents pure product (LNAPL / DNAP)
• Horizontale migration
• Verticale migration
• Volume groundwater contamination
• Quality of deeper groundwater
• Level of exceeding the soil standards
• Influence surrounding environment
•Threat for contamination of wells
•Threat for contamination of surface water
Ecological risk
Control elements
• Visible damage ecology
• HC5 of HC50
 
Figure 1.1:  Overview of the risk assessment of soil contamination. 
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1.2 Methods and software models 
1.2.1 Human risk assessment 
The human risks are evaluated with defining the control elements by calculating risk 
indices with a computer software program. The program used in this human risk 
assessment is Risk Human. It is an automated version of the methodology developed by 
the RIVM. The software is used to calculate exposure for humans by soil contamination by 
quantifying the exposure routes. The quantified exposure will be compared with human 
toxicology data, so a decision can be made about the threat of the contamination for 
humans. 
 
To conduct the assessment some basic steps will be followed. First de information, relevant 
for the human risk assessment, will be gathered and evaluated. The second step is to build 
a conceptual site model. In this step the main or prior contaminants are chosen together 
with exposure scenarios and indication of the sources, transportmechanisms, routes of 
exposure and receptors. The third step consists of calculations with an exposure and 
transport software model. The fourth step is to compare the calculated exposure levels 
with standards like the Reference Dose (RfD), Tolerable Concentration in Air (TCA) and 
drinking water standards. The last and fifth step is conclusions and remarks about the 
possibility of health risks for humans on site C. 
 
The general concept of the exposure modelling is given below. The concept describes the 
phase transport between soiled air, water and particles. Secondly the transport processes 
are given and third the direct and indirect exposure.    
 
 
 
Figure 1.2:  The direct en indirect exposure of the phase transport processes between soil, 
 between soil, air, water and particles. 
 
This general concept will be used for the human exposure assessment.  
For the calculation of the exposure concentrations the ‘Risk-Human’ software model from 
the Van Hall Institute will be used. This is a commercial software model of the ‘CSoil’ 
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model developed by the National Institute for Public Health and Environment (RIVM) in 
Bilthoven, The Netherlands. The model also includes the volatilisation module ‘VolaSoil’, 
also developed by the RIVM. 
The Dutch 'Systeem Urgentie Systematiek' will not be used, because it only determines the 
moment of sanitation and not the need for sanition. In other words it does not answer the 
question: is sanitation necessary? 
1.2.2 Ecological risk assessment 
Although mostly the human risks in different landuses is evaluated more strictly, the risks 
for the ecosystem should not be forgotten. In risk assessments a distinction is made 
between plants, animals and the ecosystem. The risk assessment should also evaluate 
present and future functions of the site. 
 
In, for example, agricultural landuse and with vegetable gardens toxicity for crop should 
be taken into account. This can be done in first place through a visual inspection of the 
crop. If no damage is present a literature study can be done for possible effect of the 
contaminant(s). If relevant fytotoxicity can be evaluated for industrial landuse. In landuse 
agriculture toxicity for cattle is important. This can be reviewed by visual effect, or a 
literature study for possible effects. Landuse recreation demands a certain level of plant 
growth. Fytotoxicity can be also of importance for the ecotoxicological evaluation. In 
landuse nature ecotoxicology is very important. For this landuse a extensive set of 
terrestrial and aquatic tests are available.  
 
Evaluation of the ecology from site C will be done with maximum levels that protects the 
ecosystems as a whole or as separate part (aquatic, terrestrial, plants, ). 
 
Background ecotoxicology 
 
The policy of safeguarding ecosystems against contaminants is based on protecting both 
the structure (the species) and functions of ecosystems. For aquatic and terrestrial 
ecosystems it is assumed that protecting the structure (the qualitative and quantitative 
distribution of species) will also safeguard the functional characteristics of the system. 
However, the knowledge of the effects of substances on ecosystems is limited and because 
of that, different extrapolation techniques have to be applied to derive the no-effect 
concentrations for ecosystems from single species (laboratory) toxicity data. A statistic 
extrapolation model, taking into account differences in sensitivity between species, is used 
to derive the Maximum Permissible Concentration (MPC) for ecosystems. As the 
relationship in the model between the concentration and percentage of protected species is 
asymptotic, a limit for the protection percentage had to be chosen to derive realistic 
concentration values. This value is set at 95%, assuming thereby to protect nearly the 
whole ecosystem. 
 
The procedure to derive an MPC for water, sediment, soil and air, based on 
ecotoxicological data, is described in the next section, including secondary poisoning. 
 
The extrapolation method 
 
For the estimation of a ‘safe’ level below which no adverse effects in the environment are 
expected to occur, an extrapolation factor has been applied to the available toxicity data.. 
The (extrapolation) method used to estimate an MPC for the ecosystems, is the 
preliminary effect assessment, which applies fixed assessment factors to the lowest 
available toxicity data. 
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The preliminary effect assessment methodi 
 
With this method fixed assessment factors are applied to the lowest value in the available 
data  set. The empirically derived assessment factors are not based on any theoretical 
model, but have been developed in line with experience with chemical effects 
assessments. The assumption is made that there is a constant and identical difference 
between acute and chronic toxicity and between single species (laboratory) and ecosystem 
sensitivity.  
 
Surface water 
 
The preliminary effect assessment method was originally developed for the compartment 
surface water, and is internationally accepted. The information on aquatic toxicity data and 
the subsequent assessment factors are presented in table 1.1. 
 
Table 1.1: The assessment factors of the preliminary effect assessment method for  
 aquatic species (surface water). 
Available information Assessment factor 
Lowest L(E)C50 value or QSAR
ii estimate for acute toxicity 1.000 
Lowest L(E)C50 value or QSAR estimate for minimal three 
representatives of algae/crustaceans/fish  
100 
Lowest NOEC value or QSAR estimate for chronic toxicity for 
minimal three representatives of algae/crustaceans/fish 
10 
Lowest NOEC value for chronic toxicity 10iii 
(source: Setting integrated environmental quality standards for soil, water & air, 1999) 
 
If chronic data or reliable QSAR estimates for chronic toxicity for the three taxonomic 
groups mentioned in the table (algae, crustaceans and fish) are available, an assessment 
factor of 10 is used on the lowest NOEC of the data set. This extrapolated value will be 
used as the MPC in surface water. If NOEC’s for less than three mentioned taxonomic 
groups are available, also an assessment factor of 10 is applied to the lowest NOEC. This 
value will subsequently be compared to the extrapolated value based on L(E)C50s. The 
lowest value is selected as the MPC. 
 
Soiliv 
 
A similar approach as with surface water is applied to extrapolate laboratory toxicity data 
on soil organisms to an MPC for soil. Analogously to the procedure for surface water, 
assessment factors depend on the type of investigations (acute or chronic), the number of 
trophic levels as well as the general uncertainties in predicting ecosystem effects from 
laboratory data.  
 
                                              
i Source: OECD, 1992. Report of the OECD workshop on the extrapolation of laboratory aquatic 
toxicity data to the real environment. OECD Environment Monographs, no. 59, Paris, France 
ii If laboratory toxicity data are insufficient or lacking, the toxicity data can be obtained using 
Quantative Structure-Activity Relationships (QSAR’s). QSAR’s are based on the relation between the 
physico-chemical properties of a compound and ecotoxicological criteria such as LC50 or NOEC’s. 
iii This value is subsequently compared to the MPC based on acute L(E)C50s. The lowest one is 
selected. 
iv It should be noted that this method is not yet internationally accepted. Especially the choise of 
taxonomic groups for which toxicity data are required, is still a point of dicussion. 
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Table 1.2: The assessment factors of the preliminary effect assessment method for 
 terrestrial species (soil). 
Available information Assessment factor 
Lowest L(E)C50 value for acute toxicity 1.000 
Lowest L(E)C50 value for minimal three representatives of 
microbial mediated processes, earthworms and anthropods 
or plants  
100 
Lowest chronic NOEC value for minimal three 
representatives of  microbial mediated processes, 
earthworms and anthropods or plants 
10 
Lowest NOEC value for chronic toxicity 10v 
(source: Setting integrated environmental quality standards for soil, water & air, 1999) 
 
If chronic data or reliable QSAR estimates for chronic toxicity for the taxonomic groups 
mentioned in the table (microbial mediated processes, earthworms and anthropoids or 
plants) are available, an assessment factor of 10 is used on the lowest NOEC of the data 
set. This extrapolated value will be used as the MPC in soil. If NOEC’s for less than three 
mentioned taxonomic groups are available, also an assessment factor of 10 is applied to 
the lowest NOEC. This value will subsequently be compared to the extrapolated value 
based on L(E)C50s. The lowest value is selected as the MPC. 
 
Air 
 
At the moment there is very little information available on the possible ecotoxicological 
effects of chemicals on organisms from exposure through air. Since the date are lacking, 
there is a large uncertainty in the selection of test species as well as in the assessment 
factors that must be applied. Sloof and Tingey (1991) suggested mammals, birds, plants 
or lichens, and insects as representative taxonomic groups for the part of the terrestrial 
ecosystems exposed to air contaminants. Based on the preliminary effect assessment 
method, assessment factors in relation to the availability of data for these taxonomic 
groups were proposed. These factors are given  in table 4.3. When the relevant 
information is available, this method is used to obtain an indication what the no-effect 
levels for the ecosystems are. It is currently not used to set MPC values for air. 
                                              
v This value is subsequently compared to the MPC based on acute L(E)C50s. The lowest one is selected. 
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Table 1.3:  The assessment factors of the preliminary effect assessment method for  
  mammals and birds (air). 
Available information Assessment factor 
Lowest L(E)C50 value for acute toxicity 1.000 
Lowest L(E)C50 value for minimal three representatives of 
mammals or birds, plants or lichens, and insects  
100 
Lowest NOEC value for minimal three representatives of 
mammals or birds, plants or lichens, and insectsvi 
10 
Lowest NOEC value for chronic toxicity 10vii 
(source: Setting integrated environmental quality standards for soil, water & air, 1999) 
 
In the following table, an overview is given of MPC- and NC-values for the various 
compartments (surface water, soil, sediment and air). 
 
Table 1.4: Overview of MPC’s and NC’s. 
MPC
surface
water (µg/l)
NC
surface
water
(µg/l)
MPC
soil
mg/kg
NC
soil
mg/kg
MPC
sediment
mg/kg
NC
sediment
mg/kg
MPC
air
µg/m³
NC
air
µg/m³
(dissolved
mat.)
(dissolved
mat.)
(dry weight) (dry weight) (dry weight) (dry weight)
Benzene 240 2,4 0,95 0,0095 0,95 0,0095 121 0,122
Ethylbenzene 370 3,7 3,1 0,031 3,1 0,031 39 0,39
Toluene 730 7,3 1,4 0,014 4,2 0,042 3000 30
1,1,1 -
trichloroethane
2.100 21 6,9 0,069 6,9 0,069 4.800 48
2-xylene 380 3,8 14 0,14 14 0,14 340 3,4
3-xylene 380 3,8 14 0,14 14 0,14 1.000 10
4-xylene 380 3,8 14 0,14 14 0,14 1.000 10
1,2-dichloroethane 700 7,0 1,5 0,015 1,5 0,015 100 -
1,2-dichloroethene 6.100 61 22 0,22 22 0,22 36 0,36
Dichloromethane 20.000 200 36 0,36 36 0,36 25.0003 204
Tetrachloroethene 330 3,3 0,16 0,0016 4,0 0,040 250 2,5
Trichloroethene 2.400 24 13 0,13 13 0,13 5.000 50
Trichloromethane 590 5,9 1,9 0,019 1,9 0,019 100 1,0
Vinylchloride 820 8,2 1,4 0,014 1,4 0,014 100 -
Legend:
• The MPC’s and NC’s in surface water is expressed in µg/l
dissolved material;
• The MPC’s and NC’s in soil and sediment are expressed in mg/kg
dry weight. All the concentrations are determined for a standard
soil, e.g. a soil containing 25% clay and 10% organic matter
• The MPC’s and NC’s in air are expressed in µg/m³
1 The official limit value for benzene is 10 µg/m³
2 the official target value for benzene is 1 µg/m³
3 value applicable for four hours of exposure
4 yearly average value  
                                              
vi Sub-acute data on birds and mammals (< 1 month) are extrapolated to chronic data by applying an 
extra factor of 10. 
vii This value is subsequently compared to the MPC based on acute L(E)C50s. The lowest one is 
selected. 
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Secondary poisoningviii 
 
The extrapolation methods for ecotoxicological effects assessment as described above do 
not account for indirect effects of chemicals. Animals that prey on, for instance, aquatic 
organisms containing high levels of (mainly persistent) contaminants, may take up a 
considerable amount of the chemical by their food. Hence, exposure to contaminated food 
may lead to secondary poisoning of species at the top of the food chain, for instance along 
the pathway water→fish→fish-eating bird or mammal. Secondary poisoning is a typical 
phenomenon for compounds with a high potential for bioaccumulation such as highly 
hydrophobic substances (log Kow > 3) and some metal-compounds. 
 
A methodology has been developed to include effects due to secondary poisoning in the 
derivation of MPC’s. The basic assumption of that method is that a concentration in the 
food of top-predators can be determined at which no adverse effects occur. The 
concentration in the food is directly related to the concentration in the environment 
through bioconcentration and bioaccumulation. Hence, it is in principle possible to translate 
the no-effect concentration (NEC) in the food, to a no-effect concentration in the media 
(surface water or soil) to which the prey of the top-predators are exposed, if the 
appropriate toxicity and bioaccumulation data are available. 
 
At the moment three possible food chains are distinguished through which top-predators 
can possibly be exposed to hazardous compounds: 
• For the aquatic environment: water→fish→fish-eating bird or mammal and 
water→mussel→mussel-eating bird or mammal; 
• For the terrestrial environment: soil→worm→worm-eating bird or mammal. 
 
The following formulas are used to calculate an MPC for secondary poisoning for the 
aquatic and terrestrial route: 
 
water:   
musselfish
predatorspois BCF
CFNECMPC
/
..sec ⋅=  
 
soil:   
earthworm
predatorspois BCF
CFNECMPC ⋅=..sec  
 
with: 
NECpredators = No-Effect Concentration (NEC) for predators derived from  
 extrapolations of results from dietary laboratory toxicity test with 
 animals  representative for predators (in mg/kg food); 
CF  = correction factor for the caloric content of food in the laboratory 
   versus the field situation; 
BCF  = bioconcentration factor (in l/kg) 
 
Normally, secondary poisoning has to be taken into account for (top) predators, but due to 
the fact that (necessarily) information is lacking it will not been further worked out. 
 
                                              
viii National health Council, 1993. Secondary poisoning: toxic substances in food chains. Report no. 
1993/04, The Hague. 
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1.2.3 Risk assessment for migration of contaminants 
Migration risks are divided into two parts. The saturated and unsaturated zone. The 
evaluation of the unsaturated zone demands a lot of site specific information. 
 
The evaluation of the risks of migration of the unsaturated to the saturated zone requires 
specific expertise. This expertise is not present in the group, so soil screening levels, 
dilution factors and mass fluxen can not be calculated. However, the modelling of the 
groundwater migration can assume an amount of contaminants that can dissolve in the 
groundwater, so indirectly some influence of the unsaturated zone is included in the 
assessment. The saturated zone will be evaluated through a basic set of control elements. 
The elements are presented below. The eight define criteria are based upon some arbitrary 
assumptions from practice and literature. As soon as one criteria indicates a serious 
indication of a serious threat a migration risk is being assumed. When several defined 
criteria indicate a possible serious indication of a serious threat a migration risk is also 
being assumed. For the criteria 'horizontal migration' additional calculations can be 
executed by using the models Bioscreen and Biochlor from the EPA. 
 
Presence pure product 
The (possible future) presence of pure product means a serious indication of a serious 
threat. 
 
Horizontal migration 
A migration of more than 10 meter per year means a serious indication of a serious threat. 
A migration of less than 2 meter per year means no serious indication of a serious threat. 
With a migration of 2 until 10 meter per year a serious indication of a serious threat can 
not be excluded.  
 
Vertical migration  
A center of contaminants with a thickness of more than 5 meter means a serious indication 
of a serious threat. A (possible future) increase of more than 3 meter per year does also 
involve a serious indication of a serious threat.  
 
Volume of the ground water contamination  
A (possible future) polluted ground water volume of more than 7.000 m³ involves a 
serious indication of a serious threat. A (possible future) polluted ground water volume of 
less than 1.000 m³ does not involve a serious indication of a serious threat. A ground 
water volume between 1.000 to 7.000 m³ a serious indication of a serious threat can not 
be excluded. 
 
Influence deep ground water  
The (possible future) presence of contamination in deeper ground water above 80% of the 
current soil sanitation standards involves a serious indication of a serious threat. 
 
Level of exceeding the soil sanitation standards 
A (possible future) exceeding of the soil sanitation standards with a factor more than 1000 
does involve a serious indication of a serious threat. A (possible future) exceeding of the 
soil sanition values with a factor of less than 25 does not involve a serious indication of a 
serious threat. With an exceeding of the soil sanitation standards with a factor of 25 to 100 
a serious indication of a serious threat can not be excluded. 
 
Influence surface water 
Negative influence of surface water does involve a serious indication of a serious threat. 
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Influence ground water winning 
Negative influence of ground water winning - taking into account the destination of the 
ground water (drinking water/industry/agriculture) - implies a serious indication of a 
serious threat. 
 
Influence surrounding environment 
Negative influence of the surrounding environment - taking into account the landuse - 
implies a serious indication of a serious threat 
1.3 Purpose risk assessment site B 
The main purposes of the risk assessment is to evaluate: 
 
• Potential and present risk for humans 
• Potential and present risk for the ecosystem 
• Potential and present risk for migration of the contaminants 
• Integration of the results. 
 
The questions from the client were as followed: 
 
• What is the severity of the contamination? How are the concentrations compared with 
the soil standards? 
• If relevant, determine the exposure risks before and after sanitation for people who 
work on the sanitation. 
• If relevant, determine different possible landuses in the further.  
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2 GENERAL DECRIPTION SITE C 
This information was provided by TNO -MEP. The risk assessment is based upon this 
information as such and confidentiality prevented the release of more specific information. 
 
Setting 
 
Site C is an industrial location on the banks of a river in Germany. Building D, the area of 
interest, is situated in the eastern part of the site. An overview of this area is shown in 
figure 2.1. 
 
 
Figure 2.1:  General overview site C. 
 
The area consists of: 
• several paint mix rooms with paint tanks and paint storing rooms 
• an outside storage area and unloading area 
• a container washing room 
• dip paint tanks and cleaning basins, and  
• two former underground tank farms for materials, at the north and east side of the 
paint mix rooms (the present tank farm is north of building X) 
 
The materials used and stored in the underground storage tanks - each with a capacity of 
15000 l - contain solvents, xylene, butylacetate, body washing materials and different 
fuels, coolants, gear oil and break fuel, used in the final assembly plant in building Y. The 
tanks were taken out of service and filled with gravel. 
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Due to the long history of the activities in the area (since 1957) and the situation in the 
vicinity of the river, the whole area has a high industry specific risk potential for the 
preclassification as an area with suspected historical contamination.  
 
Hydrogeology 
 
The geohydrology of the site is strongly influenced by the river. The top of the soil consists 
of a 25 meter thick quaternary succession of pleistocene sands and gravel arranged in 
alternate sedimentation and erosion cycles in the form of fluvial terraces, one above each 
other and, in the case of the most recent geogenic deposits, Holocene high-flood loams. 
The underlying succession comprises generally fine-grained deposits of the river basin. 
These strata are generally superimposed or substituted by anthropogenic backfills which 
may vary in thickness (See figure 2.2). 
 
Soil Profile: 
 0 - 1.8 m Anthropogenic 
 1.8 - 4.5 m 
 
middle sand  
 4.5 - 7 m 
 
 
coarse sand   
 
 
 
7- 14 m 
 
 
 
 
coarse sand and gravel 
 
 
 
14 - 18 m 
 
silt and fine sand with gravel imbedded 
 
 
 
> 18 m 
 
coarse sand and gravel 
 
Figure 2.2: Visualisation of the soil profile. 
 
The aquifer is in direct contact with the river. The average depth to the ground water table 
is 6-9 m below ground level. The ground water flow direction is dependent of the water 
level in the river: west at high level, east at low level, and north at middle water level. 
Ground water extraction takes place at some points at the site, which locally influences the 
ground water regime.  
 
Contaminated situation 
 
At this site, a soil and ground water contamination is present beneath and around the 
paint stores building D. The main contaminants are xylenes and ethyl benzene on one 
hand and butylacetate on the other. Both can best be treated separately because the 
contamination results from two different events, involving different sources.  
 
The source for the butylacetate contamination is the former tank farm, where this 
compound has been stored. Since the butyl acetate contamination is restricted to the 
unsaturated zone it will not affect the ground water. 
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The source for the xylene and ethyl benzene impact is assumed to be the area of the mix 
room, a former underground storage tank close to monitoring well DP6 and the north tank 
farm. Contamination in the soil matrix is typically encountered in the fine-grained layer at 
14 - 18 m depth. Total BTEX concentrations up to 637 mg/kg have been found at sampling 
point DP16. The ground water contamination exists of a source and a plume area. In the 
source area a floating layer of free product of BTEX is present. Further migration of the 
contaminants in the groundwater is expected both laterally and vertically. The total volume 
of contaminated ground water is estimated to be 300.000 m3. The area of the free phase, 
which flows on the ground water table, is estimated to be 5.000 m2. The contamination in 
the unsaturated zone is relatively limited and the lateral migration is restricted to less than 
15 m from the source.  
 
Analytical results of soil, soil air and ground water measurements are shown in tables.  
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3 COMPARING NORMS AND SITE DRAWING 
3.1 Soil standards Germany and the soil Protecting Act 
The German Parliament has agreed Germany’s first comprehensive soil protection 
legislation. The Act, which regulates the remediation of contaminated land and prevents 
further contamination, clarifies the existing legal position which previously varied across 
the Federal States. The Soil Protection Law will come into force in the year 2001. 
The Act specifies certain general obligations, namely the importance of a preventative 
approach to soil protection, the requirement for remediation of contaminated land and of 
consequential water contamination, plus the duty of land owners, occupiers and the public 
to prevent soil contamination. 
The Federal State authorities are responsible for identifying and assessing contaminated 
land and are permitted (but not required) to pursue the polluter. The party held 
responsible for the contamination may be required to commission a remediation strategy 
outlining a preliminary examination and risk assessment and also to detoxify the land. The 
law itself does not prescribe details of the extent of detoxification required. These values 
will be established according to the intended land uses in an ordinance. Maximum values 
for ?twelve? contaminants will be graduated according to land use, from children’s play 
areas to industrial sites. 
 
Under the Soil Protection Law, the application of substances that present a danger to soil 
may be restricted or banned. Both soil and substances applied to it may be examined. This 
ruling is to be regulated by an ordinance in agreement with the Bundesrat and the 
scientific advisory committee on soil. Before this is passed, however, authorities 
responsible under Federal State law may act in individual cases. 
The final text of the legislation extends the liability to those causing soil contamination or 
their legal successor and representatives of corporations/legal entities. Those knowingly 
selling contaminated land after the Soil Protection Law comes into force may also be held 
responsible for remediation. Yet if the owner purchased polluted land believing it to be 
uncontaminated this liability may be wavered. 
 
The Soil Protection Act is to be supplemented by a series of ordinances that are currently 
under discussion. The new Act would supersede existing Federal State regulations. This 
would require an amendment of state laws in line with national legislation, although a 
certain amount of freedom for state variations would be permitted.  
The values of various compounds, especially organic compuonds, in the national Soil 
Protection Law is characterised by the absent of individual values due to the unknown 
influence of compounds on each other. Therefore each Federal State is allowed to establish 
values for individual compounds if necessary. To derivate new value the rules given by the 
national Soil Protection Law must be obeyed. After the derivation the values are valid 
ithroughout the whole country.   
Another possibility is the use of the values given in the Dutch Soil Protection Law, as we do 
in this report, which has the same basic principles as the new Soil Protection Law in 
Germany. The Dutch values are more strict than the German ones. Comparing the 
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measurements to the Dutch values means automatically that it is in accordance to the 
German law which is less strict.   
3.2 Soil sanitation standards in the Netherlands 
As described in the third National Environmental Policy Plan (NEPP, 1998) environmental 
policy in The Netherlands combines two approaches: a source-oriented track and an 
effects-oriented track.  The source-oriented policy aims at reducing emissions of 
(potentially) hazardous substances from point and diffuse sources by applying best 
available technology (point sources) or best environmental practice (diffuse sources).  
Requirements on these sources can generally be imposed by the licensing authorities. The 
government has formulated in the first NEPP (NEP, 1990) some general premises 
underlying the source-oriented policy: 
 
unnecessary environmental contamination should be avoided; stand-still principle, i.e. no 
further damage to the environment; abatement at source is preferred above treatment at 
a later stage. 
 
The derivation of environmental quality standards to be used in Dutch environment policy 
is carried out in the project 'Setting lntegrated Environmental Quality Standards' and is 
based on a risk policy.  This risk policy does not only focus on the health and well-being of 
human beings but also on the ecosystem (environmental functions and nature values).  
The policy document 'Premises for Risk Management (1988)' provides the basis for setting 
standards for the concentration of a substance or a group of substances in the 
environmental compartments. 
For all environmental compartments substance concentrations can be calculated below 
which the occurrence of adverse effects is considered to be negligible: the Negligible 
Concentration (NC).  There is also a concentration above which the risk of such effects is 
unacceptable: the Maximum Permissible Concentration (MPC).  These MPCs and NCs are 
scientifically-derived risk limits based on the premises formulated by the government with 
respect to the desired level of protection of human beings and ecosystems. 
For substances with a clear concentration level below which there are no effects (threshold 
level), the MPC for human beings is set to the no-effect level for man (NOEL). Very often 
this NOEL is extrapolated from the no-effect level that is found in chronic laboratory 
studies with test animals.  However, in some cases the basis for the final MPC can also 
comprise epidemiological information. 
 
The MPC should in principle also protect ecosystems.  The policy of safeguarding 
ecosystems against contaminants is based on protecting both the structure (the species) 
and functions of ecosystems. For aquatic and terrestrial ecosystems it is assumed that 
protecting the structure (the qualitative and quantitative distribution of species) will also 
safeguard the functional characteristics of the system.  However, our knowledge on the 
effects of substances on ecosystems is limited and different extrapolation techniques have 
to be applied to derive the no-effect concentrations for ecosystems from single species 
laboratory toxicity data. In case there is limited information available, fixed assessment 
factors are applied to the lowest acute or chronic toxicity concentrations found in 
laboratory experiments.  
The MPC is set per individual compound. However, in the environment man as well as 
ecosystems are exposed in an uncontrolled manner to many unknown substances coming 
from one and the same source or from a variety of sources.  The consequences of the 
resulting cumulative exposure in terms of an accumulation of effects are unknown.  Since 
environmental policy seeks to achieve a no-risk level at the longer term, a greater margin 
of safety is needed to account for combined exposure to a large number of threshold value 
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substances.  Therefore the NC-risk limit is formulated which in principle is set at 1 % of 
the MPC for each individual substance.  Although no scientific basis can be provided for this 
safety factor 100, the need for this approach is underlined by the fact that it has been 
demonstrated in aquatic ecosystems that, as a result of additivity, effects may still occur 
at concentrations lower than the MPC for individual substances. 
For substances without a threshold, generally carcinogenic substances, the NC for humans 
is based on the existing international consensus that a risk of tumour formation of 1 in 100 
million annually (risk 10-6 year) can be considered negligible. 
 
In the Third National Environmental Policy Plan (NEPP, 1998) a definition has been given 
for the environmental quality standards used in the Dutch Environmental Policy. The target 
value is defined as the value indicating when the adverse effects caused by a certain 
compound can be considered as negligible.  In most cases the target value is set at the 
NC. 
In the NEPP3 (NEPP, 1998) the MPC has been set as a short term target, which must no 
longer be exceeded by the year 2000 as a result of emissions.  The target value can be 
seen as the long-term target for environmental policy, if possible to be achieved by 2010. 
In between these two risk limits there is a so-called grey area where reduction of the risks 
is preferable according to the ALARA principle (as low as reasonable achievable). 
3.3 Comparing norms Site C 
In appendix 9.1 the tables are presented that compare the concentrations with the soil standards 
for soil and groundwater. For the calculations in chapter 4, 5 and 6 an overview table is created 
with minimum, average and maximum concentrations in soil and groundwater. 
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4 HUMAN RISK ASSESSMENT 
This part of the report describes the human risk assessment. To conduct the assessment 
the basic from chapter 1.2.1 will be followed.  
4.1 Relevant site information 
For relevant site information see chapter 2. The origin of the contamination is in one zone 
handling and mixing of products (aromatic hydrocarbons) and in the other zone the use of 
butylacetate in the production process. n-Butylacetate is a colourless liquid with a fruity 
odour. It is an industrial solvent used in making lacquers, artificial leather, photographic 
films, plastics and safety glasses, and as a flavouring in foods. 
4.2 Conceptual Site Model (CSM) 
4.2.1 Main contaminants on the site 
In appendix 9.1 an overview is given of the contaminants in the soil and groundwater. This 
table shows that the aromatic hydrocarbons are present is the soil, groundwater and soil 
air. The chlorinated solvents are only present in groundwater. Butylacetate is present in 
soil. 
 
For the selection of prior contaminants the concentration in soil and groundwater plus 
toxicity is used. The toxicity depends on the physical-chemical and biological parameters. 
  
Prior soil contaminants 
 
In appendix 9.1 one sees that toluene, ethyl benzene and xylene and in a minor 
concentration benzene are present in the soil. The chlorinated solvents are not present in 
the soil. Butylacetate is present in the highest concentrations. 
For the human risk assessment the contaminants that are present in the highest 
concentration and are the most toxic, are of main importance. Because of this benzene, 
toluene, ethyl benzene, xylene and butylacetate were selected as prior contaminants. 
Benzene is the most toxic but is present in low concentrations. The other aromatic 
hydrocarbons are present in higher concentrations, but are less toxic. 
 
The prior contaminants in the soil are: 
 
• Benzene 
• Toluene 
• Ethyl benzene 
• Xylenes 
• Butylacetate  
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Prior ground water contaminants 
 
In the ground water the four aromatic hydrocarbons and chlorinated solvents are present. 
The four aromatic hydrocarbons are selected as prior, because benzene is most toxic and 
the others are present is higher concentrations. From the chlorinated solvents 1,2-
dichloroethene is the most toxic, but is present is the lowest concentration. The other 
solvents are present in higher concentrations. Butylacetate is present in very high 
concentrations.  
 
The prior contaminants in ground water are: 
 
• Benzene 
• Toluene 
• Ethyl benzene 
• Xylenes 
• Trichloroethene (TCE) 
• Tetrachloroethene (PCE) 
• 1,2-Dichloroethene (1,2-DCE). 
 
In the soil only the aromatic hydrocarbons are measured. This analysis will be used for 
volatilisation and building intrusion calculations from the floating layer of LNAPL (Light 
None-Aquatic Phase Liquids) on the ground water. 
4.2.2 Scenario's site C 
In de wide surrounding environment of site C only industry is situated, and no houses or 
other landuse is present. Thus, for the evaluation only landuse industry will be taken into 
account. There is no indication that the landuse will change in the near future (see chapter 
2). 
4.2.3 Defining sources, transport mechanisms, exposure routes and receptors 
In the following pages an overview of the relevant sources of contamination, 
transportmechanisms, exposure routes and receptors per landuse are given. Together they 
form the Conceptual Site Model (CSM). 
 
The exposure routes are mainly based on the publication ‘Nadere onderzoeksrichtlijn, 
Ernst-, urgentie- en tijdstipbepaling, VROM, 1997’. Time division is chosen based on 
exposure routes and standard division in the Risk-Human and the manual for the ‘Systeem 
Urgentie Systematiek, VROM, 1995.  
These values and routes will be used to calculate the exposure. For details see appendix 
9.3. From the landuse industry one can expresses the exposure for people who work on a 
polluted site as employees. During 8 hours a day for 5 working day exposure can be 
possible. Children are assumed not to be present at the site. 
 
General 
 
The source of contamination originates in the storage of products which polluted the soil 
and finally the ground water. The most imported exposure routes are; inhalation of indoor- 
and outdoor air. The exposure routes 'ingestion ground water as drinking water', 'ingestion 
of food from the site' are not present on site C.  
 
The exposure of a cross-sectional picture is given in figure 4.2. 
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Cross-section site C
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7,5 m
Groundwater pollution
Evaporation
Former mixing
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DP 6
Coarse sand and gravel
Silt and fine sand with
gravel imbedded
Coarse sand and gravel
ButylacetateLNAPLBTEX
 
 Figure 4.2: Cross-section site C. 
4.3 Calculations of exposure levels 
4.3.1 Assumptions 
For the calculations the following assumptions are important: 
 
• The soil is inside the buildings covered with concrete of at least 10 cm.  
• The use of ground water as drinking water is hardly likely in an industrial environment 
like this. Thus the exposure route is eliminated. 
• The exposure calculation is based on standard time divisions and exposure routes as 
described above. 
• The use of a convection and diffusion model for volatilisation is necessary because of 
the sandy soil. Therefore, the volatilisation module of ‘Johnson & Ettinger' will be used 
to calculate the indoor air concentration (TCA), instead of the ‘CSoil’ volatilisation 
module. The 'VolaSoil' module only models vapour intrusion into houses with crawling 
space. The calculations with the J&E model will be done for contaminants that give 
indication of significant exposure.  
• The calculations for the total exposure in mg/kg bodyweight, in reference with the RfD, 
the CSoil module will be used. This could give an underestimation of the exposure from 
volatile contaminants. 
• If model parameters are not known the default model and soil values will be used. This 
way data gaps are filled with general agreed values.  
• Calculation will be done only for prior contaminants. 
• The highest concentrations are used as ‘worst case’ estimation and the average 
concentration as more ‘realistic’ estimation. 
• The floating layer of aromatic hydrocarbons on the ground water will not be modelled 
as such for indoor air, but by using the soil air concentration. 
Risk Assessment – TNO MEP 
VMAB2000-M3-BODEMVERONTREINIGING SITE C-Eindrapport-december2000.doc  23/82 
 
• For the cumulative or combined effect of contaminants the risk indices within the 
group of aromatics and chlorinated solvents will be summed only for the maximum 
permissible risk level (RfD's), because the calculation includes a lifelong direct and 
indirect exposure. See the publication ‘Nadere onderzoeksrichtlijn, Ernst-, urgentie- en 
tijdstipbepaling, VROM, 1997 for rectification of the combination toxicology. The 
combination toxicology of TCA-risk indices have insufficient scientific basis.  
• The following soil parameters will be used:  
• Bulk density: 1,4 kg/dm³ (sandy soil) 
• Organic matter content: 2% 
• Acidity: 7 
• Average dept of contaminant below surface level: 0,5 m soil, 7,5 m ground 
water. 
• The present situation is the starting point of the calculation. 
• For the calculations of volatilisation the concentration in de soil and soil air will be used 
as input. If no soil air concentrations are present the soil concentration will be used for 
the option build-on area (for inhalation of indoor air). 
• Within the contaminated zone the contaminants are assumed to be uniform distributed 
in the soil and ground water. 
• For the intrusion of volatile contaminants into the indoor air of a industrial building the 
Johnson & Ettinger software model will be used. The maximum soil and ground water 
concentrations will be applied if the calculations with Risk Human show almost no 
exceeding of the RfD of TCA. This encloses a ‘worst case’ scenario. 
• Since butylacetate is not present in the ground water and has a toxicity indicated for 
mammals as hardly toxic and a TLV of 713 to 950 mg/m³, the intrusion of vapours into 
the building is not modelled with the Johnson & Ettinger model. Compared with the 
other contaminants on the site butylacetate has the highest soil standards. Therefore 
calculations with Risk Human will be sufficient. 
4.3.2 Human risks site C 
Appendix 9.4 shows the risk tables of maximum permissible risk level, indoor and outdoor 
air concentration from Risk Human. More detailed calculation results are available on 
request, because they are extensive in amount. 
  
The combination toxicology, also given in appendix 9.4, for the maximum permissable risk 
level will be performed according the publication ‘Nadere onderzoeksrichtlijn, Ernst-, 
urgentie- en tijdstipbepaling, VROM, 1997.  
 
The CSM show that the exposure route for indoor air is important. To improve the quality 
of the human risk assessment the software model from ‘Johnson en Ettinger’ is used. The 
Environmental Protecting Agency (EPA) in the USA have developed a Microsoft Excel 
calculation sheet that can calculate indoor air concentrations based on soil and ground 
water concentrations. The model assumptions can be found in the manual (see Johnson en 
Ettinger , 1995). The diffusion plus convection model calculates an indoor air concentration 
in a house (building) with a concrete floor and compares it with the TCA. The maximum 
permissible risk level is not calculated with the model of Johnson & Ettinger. 
 
In appendix 9.5 the detailed calculation results plus input values from the model ‘Johnson 
and Ettinger’ can be found.  A summary of the results is given in table 4.1. 
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Table  4.1: Summary of the calculations of  ‘Johnson and Ettinger’. 
Contaminant Soil
(risk index)
Ground water
(risk index)
Total 
(risk index) 
Benzene 3.20 1.90 5.10 
Toluene 0.11 0.30 0.41 
Ethyl benzene 13.00 13.00 26.00 
Xylenes 26.00 86.00 112.00 
Total risk index 143.51 
TCE 0 0.001 0.001 
PCE 0 0.003 0.003 
cis 1,2-Dichloroethene 0 0.160 0.160 
Total risk index 0.164 
 
When soil air concentration or average soil and ground water concentrations are used in 
the model the risk indices are still higher than 1. The combined exposure for the group 
aromatic hydrocarbons is higher than 1. This is not applicable for the chlorinated 
hydrocarbons if the average concentrations in ground water are used for the exposure 
calculations. 
 
The higher risk index originates in the use of a diffusion and convection model instead of a 
diffusion model like CSoil. Convection increases the vapour intrusion and the indoor air 
concentration of the contaminants. This is expressed in a higher risk index. The 
assumptions for this calculation can be found in appendix 9.5. 
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4.4 Conclusions and remarks 
4.4.1 Conclusions landuse industry 
• For this landuse only the maximum concentration of xylenes exceeds the permissable 
risk level (RfD) and the maximum concentration of xylenes also exceeds the TCA. All 
other individual contaminants do not exceed the RfD or TCA. 
• The main exposure routes are for adults; inhalation indoor air and ingestion drinking 
water. Children are assumed not to be present on industrial sites.  
• In this landuse ground water can not be used as drinking or process water because of 
the LNAPL floating layer. 
4.4.2 Combination toxicology 
• The combination toxicology shows similar results for the RfD and TCA than the 
individual risk indices, but the exceeding is larger. For the industrial landuse only the 
maximum concentration of aromatic hydrocarbons exceeds the RfD. Also for the 
average concentrations in soil and groundwater similar results are noticeable. 
• None of the summed risk indices of chlorinated solvents exceeds the RfD. 
4.4.3 General conclusions 
• The ground water is not suitable for use as drinking water, because of the LNAPL 
floating layer. Because of this, the concentration of benzene, toluene, ethyl benzene, 
xylene and dichloromethane will exceed the drinking water standards. 
• The chlorinated solvents are no direct threat for exceeding indoor air TCA. The 
aromatic hydrocarbons can form a humane health risk. The maximum concentration in 
the soil and groundwater for xylene exceeds the RfD and TCA. 
• Exposure for adults exist for 95 tot 99% of inhalation indoor air and for 1 to 5% of 
inhalation outdoor air. Children are assumed not to be present on the site. 
• The human risk evaluation of the present landuse industry shows that soil and 
groundwater sanitation is urgent. Although the calculations of Risk Human show that 
only the maximum concentration of xylene exceeds the RfD and TCA, the calculations 
with the Johnson and Ettinger model show sufficient evidence of exceeding the TCA. 
This requires actions on the short term. Removing of the floating layer of LNAPL could 
be the starting point. This will also decrease ground water migration and volatilisation.  
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4.4.4 Remarks 
• Further monitoring of the ground water wells on site C is strongly recommended. This 
can give a further trend over the years.  
• Placing extra monitoring wells between the centre (well DP15 and DP16) of the 
contamination and the river (well MP22) is strongly recommended. This will decrease 
some assumption that had to made for this risk assessment. 
• Given the TCA exceeding, performing of indoor air and more soil air measurements for 
aromatic hydrocarbons is strongly recommended. This can also verify the model 
calculations. 
• Indoor air: using a diffusion (carbon or wolfram) sampler for maximum two weeks is 
recommended, so an average exposure, referred to the RfD, can be calculated. Air 
sampling with a air-pump is not adequate for long term indoor air exposure. This 
technique can be used for soil air samples.    
• If building activities are carried out above the centre of the contamination, it is useful 
to use additional protection for the employees. 
• More information should also become available about the air filled porosity of the 
unsaturated zone in different soil layers. The air filled porosity is used to calculate a 
more specific indoor air concentration. 
 
 
Summary 
 
Sanitation for site C is urgent. The human exposure to volatile organic 
contaminants in indoor air, especially aromatic hydrocarbons, can lead to 
health risks. At this moment the possibility exists that the RfD or/and TCA is 
exceeded in indoor air in the industrial buildings.  
Hence, further monitoring of all the sampling wells is recommended together 
with collecting indoor and soil air samples. The model calculations are only a 
screening, and in this case they have to be confirmed by measurements. 
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5  ECOTOXICOLOGICAL RISK ASSESSMENT 
5.1 Ecotoxicological risk 
This chapter shows the risk table of maximum permissible concentrations for the 
compartment surface water. Because site C is located in an industrial area the 
compartments soil, sediment and air have not been taken into account when conclusions 
on ecotoxicological risks were drawn. The chapter focuses on the aquatic river ecology 
where contaminants from the site can migrate to. 
5.1.1 Prior groundwater contaminants 
In the ground water the four aromatic hydrocarbons are present in higher concentrations 
than the MPC-value. Also some chlorinated solvents (PCE and cis/trans-DCE) are present 
in a higher concentration than the NC-value. The four aromatic hydrocarbons are selected 
as prior, because benzene is most toxic and the others are present in higher 
concentrations.  
 
Therefore, the prior contaminants in ground water are: 
 
• Benzene 
• Ethyl benzene 
• Toluene 
• Xylenes 
 
Assumptions (for the compartment: ground water) 
 
In order to draw some conclusions with relation to exposure through ground water, some 
assumptions have been made. 
 
• The highest concentrations are used as ‘worst case’ (ground water flows undiluted into 
the surface water) estimation and the average concentration as more ‘realistic’ 
estimation. 
• The concentrations from the ground water migration modelling (chapter 6.5) were 
used as input to estimate the risk for surface water contamination. 
• The contaminants are assumed to be uniform distributed in the ground water. 
• Because the concentration of butyl-acetate has not been presented separately, the 
assumption has been made that the concentration of hydrocarbons equals the 
concentration of butyl-acetate. 
 
Ecotoxicological risk for the compartment: ground water 
 
In the following table, an overview is given of MPC- and NC-values for the various 
contaminants in the surface water. In the ground water the four aromatic hydrocarbons 
are present in higher concentrations than the MPC-value. Also some chlorinated solvents 
(PCE and cis/trans-DCE) are present in a higher concentration than the NC-value.  
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Table 5.1: Table of examination of the ground water. 
TABLE OF EXAMINATION OF THE  
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Filter range (m-mv)    
  
Ground water level (m-mv)      
Aromatics (µg/l)       
  Benzene 5,00 147,59 504 240 2,4 
  Toluene 6,00 484,26 7340 730 7,3 
  Ethyl benzene 5,00 1111,86 8110 370 3,7 
  Xylene 7,00 5281,57 42.940 380 3,8 
Chlorinated hydrocarbon (µg/l)    
 Trichloroethene (TCE) 0,10 1,47 12 2.400 24 
 Tetrachloroethene (PCE) 0,30 2,64 22 330 3,3 
 Cis/trans 1,2-Dichloroethene (cis/trans-DCE) 16,00 37,86 63 6.100 61 
PH    
Temperature (°C)  
Electric conductivity (mS/cm)  
Exceeding of the Maximum permissible 
concentration (MPC) 
 
Exceeding of the Negligible concentration 
(NC) 
 
 
Butyl acetate is not yet present in ground water. If it should reach the ground water and 
river the minor effects can be suspected. No MPC-values for butyl-acetate were found, so 
toxicity-values for bacteria, algae, fish and mammals were extracted from the 
environmental-sheets (Verschueren, 1996). 
These environmental-sheets indicate that even a concentration of 1.000 mg/l for bacteria 
are relatively harmless. For algae a concentration >300 mg/l is assumed to be hardly 
toxic. For fish it is assumed that a concentration of 100 mg/l is hardly toxic and for 
mammals this limit has been set at 7.000 mg/kg body-weight. If we compare these values 
with the average (measured) concentration of AOX in the groundwater (6.157,38 µg/l) and 
the maximum (measured) concentration (44.600 µg/l), no ecological risk is to be 
expected. 
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5.2 Conclusions 
• On site C, the Maximum Permissible Concentration for surface water (MPC-surface 
water) for the aromatic hydrocarbons is exceeded and therefore an ecological threat 
might be an option. Especially toluene, ethyl benzene and xylenes exceed the MPC-
value. The aquatic MPC therefore indicates a potential threat to the ecosystem in case 
ground water flows undiluted into the surface water (worst- case). 
• The ground water migration models (chapter 6) show that the concentrations for some 
contaminants are still exceeding the NC-values in the front side of the plume. 
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6 RISK ASSESSMENT FOR GROUNDWATER 
MIGRATION 
6.1 Introduction 
With the evaluation of the migration risk the presence of contaminants in the top soil (= 
unsaturated zone) is taken into account as well as the (possible future) presence of 
contaminants in the ground water (= saturated zone). 
6.2 Assumptions 
Although the ground water flow is influenced by the river, according to the isohypsis the 
major ground water flow is towards the river (east). The migration of the ground water 
contamination plus DNAPL in western direction is much less. Regarding the isohypsis, the 
river flow is north-east (appendix 9.2.1). These two assumptions are confirmed by the 
results of the analysis (appendix 9.2.2). This means that the contamination bends towards 
the flow of the river.  
 
It is assumed that the ground water flow towards the river is constant. This is a worst case 
scenario because normally the river has a variable counter-pressure (depending on the 
water level of the river). It is stated that the aquifer is in direct contact with the river. 
However due to the accretion of mud, a certain resistance is assumed. Butylacetate is not 
presented in the ground water. 
 
Butyl acetate is the most mobile contaminant when present in ground water. Reason is 
that butyl acetate has the highest solubility (14.000 mg/l) and the log Koc and Log Poct are 
very low, respectively 1,4 and 1,8. This makes the adsorption of butyl acetate small. 
Butylacetate will be calculated as if present in the ground water. The concentrations of 
butylacetate can be compared with the concentration of hydrocarbons. At this moment 
there is not sufficient data that exclude the presents of butyl acetate in ground water.  
6.3 Unsaturated zone 
The ground water table is located 6 to 9 m below the surface, with an average dept of 7,5 
m.  
 
The contamination by aromatic hydrocarbons (xylene and ethyl benzene) are found in the 
saturated as well as in the unsaturated zone. Butylacetate was found in the soil.  
In the top soil between 15,0 and 18,0 m-below surface - (i.e. saturated zone) the 
negligible concentrations for BTEX are exceeded. The risk for further migration is present 
because the source of the contamination has not been removed. 
The lateral migration is due to the soil structure restricted to less than 15 m from the 
source. The amount present in soil is small compared with the LNAPL layer. So a certain 
amount of NAPL will be transported from the unsaturated zone to the saturated zone.  
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The evaluation of the risks of migration of the unsaturated to the saturated zone requires 
specific expertise. This expertise is not present in the group, so the control elements like 
soil screening levels, dilution factors and mass fluxen can not be calculated. However, the 
modelling of the groundwater migration can assume an amount of contaminants that can 
dissolve in the ground water, so indirectly some influence of the unsaturated zone is 
included in the assessment. The evaluation of the risks of migration of the unsaturated to 
the saturated zone is therefor relevant, and further research has to be done. 
 
Following tables 6.1 present a summary of the examination of the nine control elements.  
 
Table 6.1: Summary examination aromatic hydrocarbons. 
Define criteria yes no possible/ 
uncertain 
Presence pure product X   
Horizontal migration  X   
Vertical migration  X   
Volume of contamination  X   
Influence deep ground water   X  
Level of exceeding the soil sanitation standards X   
Influence surface water X   
Influence wells X   
Influence surrounding environment X   
 
For the element horizontal migration additional calculations are executed by using the 
mode Bioscreen from the EPA for xylenes. 
6.4 Saturated zone 
With the help of nine defined criteria - based upon some arbitrary assumptions from 
practice and literature (see chapter 1.2.3) - the contaminants in the ground water will be 
evaluated. As soon as one criteria indicates a serious indication of a serious threat a 
migration risk is being assumed. When several defined elements indicate a possible serious 
indication of a serious threat a migration risk is also being assumed.  Following the nine 
defined criteria are worked out. 
6.4.1 Presence pure product 
In the case of location site C it is stated that pure product is present. In the source area a 
floating layer of free product of BTEX and likely also butylacetate is present. It is not 
stated that also butyl acetate is present, however the assumption can be made because of 
the concentrations in the soil. The density of butylacetate is lower than water. The area of 
the free phase which flows on the groundwater table is estimated to be 5000 m2. The 
existence of pure product does involve a serious indication of a serious threat. 
6.4.2 Horizontal migration 
A visualisation is made of the center of the polluted ground water (appendix 9.2.3). 
Roughly the polluted groundwater has spread over a surface of 135 by 75 meter. The 
activities has taken place since the year 1957. There is no indication in what year the 
contamination has begun. 
The ground water flows on the basis of an average k-value for (coarse) sand and gravel of 
10-2 to 10-5 m/s. For the calculations an average k-value of 1,5 × 10-3 m/s is used. 
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With:  
R = retardationfactor (no dimension) 
ρ = soil bulk density (kg/dm3) 
Kd = partition coefficient (dm3/kg) 
Θ = water contents (m3/m3) 
Kos = partition coefficient (dm3/kg) 
fos = fraction organic carbon (no dimension) 
 
Seepage velocity 
 
Table 6.2:  Determination of the seepage velocity. 
Determination of the seepage velocity
Δh 0,1 m (between isohypsis 34,70 and 34,60)
ΔL 180 m
δ = head loss 0,001
k 1,50E-03 m/s (table value)
V = δ ∗ k 8,33E-07 m/s
V = 26,3 m/year  
Retardationfactors 
The retardationfactors are calculated by the following formulas: 
 
Θ
×
=
dKR ρ   
 
and 
 
ososd fKK ×=  
 
 
Table 6.3:  Retardationfactors. 
 table 5.3: retardationfactors
contaminant log Kow a b foc log Koc calculated Koc Kd calculated R calculated
benzene 2,19 0,529 0,916 0,001 2,07 118,70 0,12 1,66
toluene 2,79 0,529 0,916 0,001 2,39 246,55 0,25 2,38
ethyl benzene 3,15 0,529 0,916 0,001 2,58 382,25 0,38 3,14
2-xylene 3,12 0,529 0,916 0,001 2,57 368,54 0,37 3,06
3-xylene 3,2 0,529 0,916 0,001 2,61 406,26 0,41 3,28
4-xylene 3,15 0,529 0,916 0,001 2,58 382,25 0,38 3,14
butyl acetate 1,78 0,001 1,58 38,02 0,04 1,21
 
 
Table 6.4:  The velocity of the contaminants in the flow path of the ground water. 
contaminant ground water flow (m/jaar) retardationfactor
velocity of the polutants
(m/jaar)
benzene 26,3 1,66 15,8
toluene 26,3 2,38 11,0
ethyl benzene 26,3 3,14 8,4
2-xylene 26,3 3,06 8,6
3-xylene 26,3 3,28 8,0
4-xylene 26,3 3,14 8,4
butyl acetate 26,3 1,21 21,7  
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Table 6.4 shows that benzene for the monocyclic aromatics is the most mobile 
contaminant. Benzene can, in a worst-case-evaluation, be held representative for the 
aromatic hydrocarbons.  
 
The center of the plume of aromatics moves according to these calculations with a velocity 
of approximately 22 m per year in the flow path of the ground water. This value does 
involve a serious indication of a serious threat. The distance between the center of the 
contamination and the river is about 250 meter. Therefor the contamination will reach the 
river within 11 to 12 years. 
 
Modelling with Bioscreen 
 
Calculations with Bioscreen (EPA) with the value based on the isohypsis for the hydraulic 
gradient gave unreal results, therefor the model was calibrated by multiplying the value for 
the hydraulic gradient with a factor 0,5 en 2. The hydraulic gradient value multiplied with 
0,5 gave the most real results (see appendix 9.2.4). Therefor a hydraulic gradient value of 
0,00025 have been used in the model. This assumptions is tenable while the ground water 
flow depends on the level of the surface water. According to the isohypsis the current flow 
is east towards the river. When the level of the surface water is high the flow is west (the 
river has a variable counter-pressure depending on the water level of the river). Also due 
to the accretion of mud in the surface water, a certain resistance is assumed.  
 
The calculations with Bioscreen for xylenes indicates that the xylene contamination will 
spread in 18 years - with no degradation - 250 m from the center of the contamination, 
which means that the contamination reaches the river. The concentration has decreased 
due to dispersion, biodegradation and dilution from 34.000 µg/l (maximum) to 11.000 µg/l 
when the contamination reaches the river According to the first order decay, the migration 
is maximum 130 m from the center of the contamination. The concentration at this point 
has decreased below the sanitation standard value (approximately 120 µg/l). The 
calculation, see appendix 9.2.5, confirms that there is an indication for a serious threat of 
migration.  
6.4.3 Vertical migration  
The contaminants in the ground water are not vertically limited. The concentrations of the 
aromatics have formed a pure phase whereby deep contamination can be expected. The 
relative density of butylacetate with regard to water is 0,9. The presence of a free phase 
can therefore be expected. Due to the large solubility (14.000 mg/l) in water a deep 
contamination can also be expected. So a vertical migration of more then 5 meter is 
expected if present in ground water. This expectation is confirmed by the analysis of well 
DP16. The analysis show that there is a contamination present at this well at a depth of 14 
to 18 meter.  
Therefor a serious threat can not be excluded for aromatic hydrocarbons and possibly for 
butylacetate. 
6.4.4 Volume of the ground water contamination  
It is stated in chapter 2 that the total volume of the ground water contamination is 
estimated to be 300.000 m3. This implicates a serious indication of a serious threat.  
6.4.5 Influence deep ground water  
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Detailed data of the (geological) structure of the soil are not known, because the specific 
location is also not known. Therefor it can not be determined which formation is found at 
greater depths and what it consists of. The information presented and stated below 
assumes that from a dept of 25 m-gl Holocene high flood loam is present. Possibly this can 
restrict the contamination of deeper aquifers. 
 
The top of the soil consists of a 25 meter thick quaternary succession of pleistocene sands 
and gravel arranged in alternate sedimentation and erosion cycles in the form of fluvial 
terraces, one above each other and, in the case of the most recent geogenic deposits, 
Holocene high-flood loams. The underlying succession comprises generally fine-grained 
deposits of the river basin. These strata are generally superimposed or substituted by 
anthropogenic backfills which may vary in thickness.  
6.4.6 Level of exceeding the soil sanitation standards 
Table 6.5:  Level of exceeding the soil sanitation standards. 
Parameter soil sanitation 
standard (µg/l) 
maximum 
concentration 
maximum level of 
exceeding 
benzene 30 504 16.8 
Toluene 1000 7340 7.3 
Ethylbenzene 150 8110 54.1 
Xyleen 70 42940 613,4 
 
The previous table shows the maximum level of exceeding the soil sanitation standards of 
the contaminants. The soil sanitation standard for xylene and butyl acetate are exceeded 
with a factor bigger than 100, which implicates a serious indication of a serious threat. 
6.4.7 Influence surface water 
The calculations with Bioscreen show that both xylene (and therefor also ethyl benzene) 
and butyl acetate - while assuming no degradation - will reach the river. The calculations 
show that butyl acetate will spread 250 m in 7 years; xylene (and ethyl benzene) will 
spread 250 m in 18 year. The pure phase can also reach the surface water and influence 
this negatively. The (negative) influence of the groundwater migration and possibly the 
pure phase of the surface water does involve a serious indication of a serious threat. 
6.4.8 Influence ground water winning 
At site C ground water extraction take place at some points at the site, influencing locally 
the ground water regime. While the groundwater flow is mainly towards the river and the 
ground water extraction closest by on the south side has only a little influence on the 
ground water regime, there is - with a great amount of certainty - no negative influence of 
either this extraction well or the extraction wells west of the center of the contamination. 
The well downstream close to the river is already contaminated (see results sampling well 
MP22). Likely this criteria therefor does involve a serious indication of a serious threat. 
6.4.9 Influence surrounding environment 
While several criteria involve a serious indication of a serious threat, unquestionable a 
migration risk is being assumed. The calculations with Bioscreen shows that the ground 
water influences the river. The concentrations of the main contaminants has decreased due 
to dispersion, biodegradation and dilution, but are still high (11.000 µg/l for xylene and 
12.000 µg/l for butyl acetate) when the polluted ground water reaches the river. According 
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to first-order-decay the xylene contamination will be spread 130 meters, butyl acetate 
spreads up to 120 meters.  
 
6.5 General conclusions 
As already stated the contamination in the ground water have a migration risk as soon as 
one criteria involves a serious indication of a serious threat. When several criteria indicate 
a possible serious indication of a serious threat a migration risk is also being assumed.  
 
From the text above we can conclude that the ground water contamination for aromatic 
hydrocarbons as well as butyl acetate involves a serious indication of a serious threat. 
therefore in this specific case the question is not whether the sanitation must take place 
but when.  
 
The calculations with Bioscreen shows that the xylene contamination will spread in 18 
years - with no degradation - maximum 250 m from the center of the contamination, 
which means that the contamination reaches the river. The concentration has decreased 
due to dispersion, biodegradation and dilution from 34.000 µg/l (maximum) to 11.000 µg/l 
when the contamination reaches the river. According to the first order decay, the migration 
is maximum 130 m from the center of the contamination. The concentration at this point 
has decreased below the sanitation standard value (approximately 120 µg/l).  
Butyl acetate - as suspected - moves faster. Calculations with Bioscreen show that the 
butyl acetate contamination will spread in 7 years - with no degradation - maximum 250 
meters from the center of the contamination and thus also reaches the river. Also the butyl 
acetate concentration has decreased due to dispersion, biodegradation and dilution from 
44.600 µg/l (maximum) tot 12.000 µg/l when the contamination reaches the river. 
According to the first order decay, the migration is maximum 120 m from the center of the 
contamination. The concentration at this point is has decreased below the sanitation 
standard value (approximately 1000 µg/l). 
 
The monitoring wells have been sampled several times during the last years. Plotting the 
results of the analysis in time, shows a trend which confirms the migration of the 
contaminants toward the river. In appendix 9.2.2 the plots for monitoring well DP15 and 
DP1 are given. 
 
The migration risk evaluation of the present contamination on site C shows that as 
suspected there is a migration risk. However before the contamination will reach the river 
the concentrations of the main contaminants (xylene, ethyl benzene and butyl acetate) 
have decreased due to dispersion, biodegradation and dilution to 11.000 µg/l for xylene 
and 12.000 µg/l for butyl acetate. Therefor a certain risk of migration in the surface water 
can not be excluded, and sanitation will be necessary in the (nearby) future. In any case it 
is recommended that the pure phase on short notice is being removed.  
The ecological risk assessment will show the consequences of the contamination of the 
river. 
6.6 Remarks 
• Monitoring the ground water between well DP2/DP3 and MP22 is recommended (at 
several depths) to examine if the migration of the contaminants differs from the 
calculations with Bioscreen. While doing so, the necessity of sanitation of the ground 
water becomes more clear 
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• More information should become available about the vertical and horizontal boundaries 
of the contamination of the site.  
• The k-value (hydraulic condivity) should be derived by determine the fractions of the 
soil (according to Seelheim or Hazen). So, the actual hydraulic conductivity can be 
used as input for the simulation by Bioscreen and Biochlor. 
• The actual seepage value can be determined by measuring the ground water flow, so 
doing, the modelling of the migration of the contaminants is based on more long term 
measured values. 
• More information should become available about the soil characteristics (i.e. fraction 
organic carbon). 
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7 GENERAL CONCLUSIONS AND REMARKS 
7.1 Conclusions 
This chapter describes the general approach that can be drawn from the risk assessment. 
 
Norms and site drawings 
 
• The Dutch soil standards are build upon a quantified human and ecological risk 
approach, which protects the ecological structure and function. This contributed to the 
use of the Dutch soil standards for this risk assessment.  
• The drawings of the site show that the soil contamination is situated very close to the 
source (lateral migration maximum 15 meter). Most of the contaminants is present in 
the groundwater an as a floating layer of LNAPL on the groundwater. 
• Butylacetate is not analyses as such in the ground water. According to the 
concentrations in the soil , one can assume that butyl acetate is also present in ground 
water.  
 
Human risk assessment 
 
• For this landuse only the maximum concentration of xylenes exceeds the permissable 
risk level (RfD) and the maximum concentration of xylenes also exceeds the TCA. All 
other individual contaminants do not exceed the RfD or TCA. 
• The main exposure routes are for adults; inhalation indoor air and inhalation of 
outdoor air. Children are assumed not to be present on industrial sites.  
• In this landuse ground water can not be used as drinking or process water, because of 
the LNAPL floating layer. 
• The combination toxicology shows similar results than the individual risk indices, but 
the exceeding for xylenes of the RfD is larger. For the industrial landuse only the 
maximum concentration of aromatic hydrocarbons exceeds the RfD. Also for the 
average concentrations in soil and ground water similar results are noticeable. 
• None of the summed risk indices of chlorinated solvents exceeds the RfD. 
• Since there are wells located on the site special precausion should be taken into 
account to protect this well for contamination. Especially when they are used for 
process water. 
• The chlorinated solvents are no direct threat for exceeding indoor air TCA. The 
aromatic hydrocarbons can form a humane health risk. The maximum concentration in 
the soil and ground water for xylenes exceeds the RfD and TCA. 
• Exposure for adults exist for 95 tot 99% of inhalation indoor air and for 1 to 5% of 
inhalation outdoor air. 
• The human risk evaluation of the present landuse industry shows that soil and ground 
water sanitation is urgent. Although the calculations of Risk Human show that only the 
maximum concentration of xylenes exceeds the RfD and TCA, the calculations with the 
Johnson and Ettinger model show sufficient evidence of exceeding the TCA. This 
requires actions on the short term. Removing of the floating layer of LNAPL could be 
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the starting point. This will also decrease ground water migration and volatilisation 
from the ground water.  
 
Ecological risk assessment 
 
• The ecological risk assessment show that damage of the aquatic ecosystem can occur 
if the ground water enters the river. From the information presented to use, one learns 
that the ground water is in direct contact with the river water. This conclusion 
contributes to the urgent need for sanitation. 
 
Risk assessment for migration 
 
• This risk assessment shows the strongest need for sanitation. For aromatic 
hydrocarbons and possibly butylacetate almost all criteria (control elements) are 
answered with yes, except for influence deep ground water. 
• The techniques that could be uses for sanitation should reduce the volatilisation and 
the ground water contamination. Possible techniques are vapour and or ground water 
extraction in the most permeable soil layer, air sparring in the ground water is another 
possibility because it concerns a very sandy soil. 
7.2 Remarks 
• Further monitoring of the ground water wells on site C is strongly recommended. This 
can give a further trend over the years.  
• Removing of the floating layer of LNAPL could be the starting point of the sanitation. 
This will decrease further migration of the contaminants drastically. 
• Placing extra monitoring wells between the centre (well DP15 and DP16) of the 
contamination and the river (well MP22) is strongly recommended. This will decrease 
some assumption that had to made for this risk assessment. 
• Given the TCA exceeding, performing of indoor air and more soil air measurements for 
aromatic hydrocarbons is strongly recommended. This can also verify the model 
calculations. Using a diffusion (carbon or wolfram) sampler for maximum two weeks is 
recommended, so an average exposure, referred to the RfD, can be calculated. Air 
sampling with a air-pump is not adequate for long term indoor air exposure. This 
technique can be used for soil air samples.    
• If building activities are carried out above the centre of the contamination, it is useful 
to use additional protection for the employees. 
• More information should also become available about the air filled porosity of the 
unsaturated zone in different soil layers. The air filled porosity is used to calculate a 
more site specific indoor air concentrations. 
 
Risk Assessment – TNO MEP 
VMAB2000-M3-BODEMVERONTREINIGING SITE C-Eindrapport-december2000.doc  39/82 
 
 
 
Summary 
 
The risk assessment indicates a strong need for sanitation and remediation 
actions. Sanitation for site C is urgent. 
 
The human exposure to volatile organic contaminants in indoor air, especially 
aromatic hydrocarbons, can suppose a health risk. At this moment the 
possibility exists that the RfD or/and TCA is exceeded in indoor air in the 
industrial buildings. The ecological risk assessment contributes to the need for 
sanitation. If the contaminants enter the river aquatic ecosystem damage can 
occur. The risk for migration indicates the strongest need for sanitation. 
Almost for every criteria (control element) the answer was positive.    
 
Hence, further monitoring of all the sampling wells is recommended together 
with collecting indoor and soil air samples. Placing additional sampling wells 
is essential to fill in some main data gabs. 
The model calculations with risk human, Johnson & Ettinger and Bioscreen are 
only a screening, and in they can be confirmed by measurements. 
 
Removing of the floating layer of LNAPL could be the starting point for 
sanitation. 
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9 APPENDIXES 
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9.1 Comparing concentrations with standards 
Table 9.1.1:  Table of examination of the soil. 
TABLE OF EXAMINATION
OF THE SOIL
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Monsterdept (m-mv) 1 3 5 7 11 13 15 16 17 19 21 1 3 5 9 11 13 15 17
Aromats (mg/kg DS)
  Benzene 0,01 0,022 0,123
  Toluene 0,009 0,072 1,02
  Ethyl benzene 0,03 0,015 0,445 5,08
  Xylene 0,063 0,029 0,162 1,29
Chloric hydrocarbon (mg/kg DS)
 Dichloromethane (DCM)
 Trichloromethane (chloroform)
 Trichloroethene (TCE)
 Tetrachloroethene (PCE)
 1,2-Dichloroethane (1,2-DCA)
 1,1,2-Trichloroethane (TCA)
 Cis 1,2-Dichloroethene (cis-DCE)
 Trans 1,2-Dichloroethene (trans-DCE)
 Vinyl chloride
Hydrocarbons (mg/kg DS)
Butyl acetate 570 541 597 315 371 144 780 630 501 464 371 208 230 324 195 132 608 784 1350
Claycontents (% op DS) 1
Org. mass (%) 2
¹) Indication level for serious pollution
Exceeding of the Maximum permissible concentration
Exceeding of the intervalue
Exceeding of the Negligible concentration
Exceeding the indication level for serious pollution
 
 
Table 9.1.2:  Table of examination of the ground water. 
TABLE OF EXAMINATION
OF THE GROUNDWATER
D
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D
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D
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-1
D
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D
P6
D
P7
D
P8
D
P9
D
P1
0
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P1
1
D
P1
2
D
P1
3
Filter range (m-mv) 19-20 19-20 19-20 19-20 19-20 19-20 19-20 19-20 19-20 19-20 19-20 19-20 19-20 19-20
Groundwater level (m-mv) 15-20 15-20 15-20 15-20 15-20 15-20 15-20 15-20 15-20 15-20 15-20 15-20 15-20 15-20
Aromats (µg/l)  
  Benzene 329 74,67 368,5 15 128 44 35 136,5 5 403 72,5 10 18
  Toluene 194,8 164 59,3 12,67 101 43,3 4995 54,5 8 1250 503 7 8
  Ethyl benzene 1302,4 501 244,3 78,67 134 539 8290 955 10 210 1026 5 7
  Xylene 4936,4 1915 1814,3 492,67 580,67 2420 24140 4830,5 22 1070 2432,5 22 20,5
Chloric hydrocarbon (µg/l)
 Dichloromethane (DCM)
 Trichloromethane (chloroform)
 Trichloroethene (TCE) 0,1 0,6 0,2 0,1 0,1 0,5 1,65 0,5 0,5 1,2 6,3 0,7 3,2 1,87
 Tetrachloroethene (PCE) 0,925 0,4 1 0,4 0,6 0,5 6 2,15 1,7 1,8 12,35 1 3 1,97
 1,2-Dichloroethane (1,2-DCA)
 1,1,1-Trichloorethaan
 Cis 1,2-Dichloroethene (cis-DCE) 19 59,5 22 21 63
 Trans 1,2-Dichloroethene (trans-DCE)
 Vinyl chloride
Hydrocarbons
Butyl acetate (µg/l) 12820 3830 3100 2100 1930 12300 9000 16100 300 1200 9970 250 150 1130
alifatic organic compounds (AOC) (µg/l) 38 105 71 106,25 87,2 211 42 59,3 49,67 45 169,7 50 48,75 53,4
¹) Indication level for serious pollution
Exceeding of the Maximum permissible concentration
Exceeding of the intervalue
Exceeding of the Negligible concentration
Exceeding the indication level for serious pollution
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Table 9.1.3:  Table of examination of the soil air. 
TABLE OF EXAMINATION
OF THE SOIL AIR
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Monsterdept (m-mv)
Site part
Aromats (mg/kg DS)
  Benzene 3,25 1200 3,2 170
  Toluene 2,2 5,3 8 17 150 3000 190 430
  Ethyl benzene 5 19,5 11 33,5 215 77 440 136
  Xylene 13,8 62,1 4,4 69,4 210 54 440 10
Chloric hydrocarbon (mg/kg DS)
 Dichloromethane (DCM) 350 1700 350 60
 Trichloromethane (chloroform) 5 100 50 30
 Trichloroethene (TCE) 190 1900 270 540
 Tetrachloroethene (PCE) 240 2500 345 16
 1,2-Dichloroethane (1,2-DCA) 7 48 20 14
 1,1,2-Trichloroethane (TCA) 45 17 55 4
 Cis 1,2-Dichloroethene (cis-DCE) 790 790
 Trans 1,2-Dichloroethene (trans-DCE) 790 790
 Vinyl chloride 100 5 3,5
 
 
Table 9.1.4:  Table of minimum and maximum concentrations. 
OVERVIEW 
ANALYSIS
Benzene Toluene Ethyl benzene Xylene Trichloorethene (TCE) Tetrachloorethene (PCE)
cis/trans- 
1,2-dichloorethene
Hydrocarbons 
(butyl acetate)
Soil 0,01 0,009 0,03 0,063 0 0 0 570
(mg/kg ds) 0,022 0,072 0,015 0,029 541
0,123 1,02 0,445 0,162 597
0,035 0,318 5,08 8,8 315
1,045 2,067 371
144
780
630
501
464
371
208
230
324
195
132
608
784
1350
1040
188
Minimum 0,0100 0,0090 0,0150 0,0290 0,0000 0,0000 0,0000 132,0000
Average 0,0475 0,3548 1,3230 2,2242 0,0000 0,0000 0,0000 492,5238
Maximum 0,1230 1,0200 5,0800 8,8000 0,0000 0,0000 0,0000 1350,0000
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OVERVIEW 
ANALYSIS
Benzene Toluene Ethyl benzene Xylene Trichloorethene (TCE) Tetrachloorethene (PCE)
cis/trans- 
1,2-dichloorethene
Hydrocarbons 
(butyl acetate)
Ground water 276 352 1420 5694 0,1 1,3 19 14100
(µg/l) 458 30 995 3580 0,1 1,1 61 14200
504 26 935 3616 0,1 1 58 14300
366 145 1840 7429 0,4 0,3 22 10800
41 421 1322 4365 0,2 0,6 26 10700
176 204 626 1488 0,1 1 16 4500
14 86 133 1194 0,1 0,4 63 3900
34 202 744 3063 0,5 0,6 3100
384 136 204 2755 2,4 0,5 4600
353 19 336 1629 0,9 6,8 4600
15 23 193 1059 0,3 5,2 4600
190 11 27 244 0,7 1,7 400
66 11 129 857 0,5 2,6 1500
44 16 80 377 1,2 1,7 2000
35 108 154 155 0,6 1,8 3100
183 94 209 1409 12 2,7 1200
90 6 39 178 0,7 22 1600
5 80 204 1999 3,2 1 1700
403 28 1200 4233 3,2 5,9 3300
129 22 213 1028 3,2 1,6 1100
16 7340 5700 34020 1,3 1,6 44600
10 2650 2590 14260 1,2 3,3 5300
18 79 1150 5911 3,1 1,1 19200
43 30 760 3750 0,3 1,5 2100
102 8 10 22 0,4 0,6 1100
12 1250 210 1070 0,7 1400
18 470 354 2318 28600
536 1698 2547 9900
7 5 22 1300
8 7 7 2100
2330 8110 34 3200
10 58 42940 23000
17 420 398 9200
108 7380 1699 300
86 20 37690 800
552 49 1600
2329 13400
14700
1800
100
400
100
200
1700
100
1600
31000
2000
10200
1200
26000
5400
4200
800
300
200
200
100
200
500
200
Minimum 5,00 6,00 5,00 7,00 0,10 0,30 16,00 100,00
Average 147,59 484,26 1111,86 5281,57 1,47 2,64 37,86 6157,38
Maximum 504,00 7340,00 8110,00 42940,00 12,00 22,00 63,00 44600,00
 
OVERVIEW 
ANALYSIS
Benzene Toluene Ethyl benzene Xylene Trichloorethene (TCE) Tetrachloorethene (PCE)
cis/trans- 
1,2-dichloorethene
Hydrocarbons 
(butyl acetate)
Soil air 0 2,2 5 13,8 0 0 0 0
(mg/m³) 8 11 62,1
5,3 19,5 4,4
17 33,5 69,4
Minimum 0,00 2,20 5,00 4,40 0,00 0,00 0,00 0,00
Average 0,00 8,13 17,25 37,43 0,00 0,00 0,00 0,00
Maximum 0,00 17,00 33,50 69,40 0,00 0,00 0,00 0,00
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9.2 Site drawings 
9.2.1  Overview site C 
 
 
 
 
Figure 9.2.1.1: Overview site C. 
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9.2.2 Plots results analysis monitoring well DP15 and DP1 
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Figure 9.2.2.1:  Plot results analysis monitoring well DP15. 
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Figure 9.2.2.2:  Plot results analysis monitoring well DP1. 
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9.2.3 Contamination of the groundwater 
 
 
Figure 9.2.3.1.: Site C: Aromatic hydrogen carbons in the ground water. 
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Figure 9.2.3.2.:  Site C: Butyl acetate in ground water.  
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9.2.4 Calibration hydraulic gradient 
 
BIOSCREEN Natural Attenuation Decision Support System Site C Data Input Instructions:
Air Force Center for Environmental Excellence Version 1.4 Butyl acetate 115      1.  Enter value directly....or
Run Name      2.  Calculate by filling in grey  
1.  HYDROGEOLOGY 5.  GENERAL 0,02          cells below.  (To restore 
Seepage Velocity* Vs 345,2 (ft/yr) Modeled Area Length* 800 (ft)          formulas, hit button below).
or Modeled Area Width* 100 (ft) Variable*        Data used directly in model. 
Hydraulic Conductivity K 1,5E-01 (cm/sec) Simulation Time*    12 (yr) 20      Value calculated by model.
Hydraulic Gradient i 0,000556 (ft/ft)        (Don't enter any data).
Porosity n 0,25 (-) 6.  SOURCE DATA 
Source Thickness in Sat.Zone* 50 (ft)
2.  DISPERSION Source Zones:
Longitudinal Dispersivity* alpha x 16,1 (ft) Width* (ft) Conc. (mg/L)*
Transverse Dispersivity* alpha y 1,6 (ft) 75 2 1
Vertical Dispersivity* alpha z 0,0 (ft) 25 44,6
or 50 44,6
Estimated Plume Length Lp 400 (ft) 25 44,6
75 2
3.  ADSORPTION Source Halflife (see Help):
Retardation Factor* R 1,2 (-) <1 <1 (yr) View of Plume Looking Down
or Inst. React. 1st Order
Soil Bulk Density rho 1,7 (kg/l) Soluble Mass 200 (Kg) Observed Centerline Concentrations at Monitoring Wells 
Partition Coefficient Koc 38 (L/kg) In Source NAPL, Soil If No Data Leave Blank or Enter "0"
FractionOrganicCarbon foc 5,7E-5 (-) 7.  FIELD DATA FOR COMPARISON
Concentration (mg/L) 44,6 14,2 3,9
4.  BIODEGRADATION Dist. from Source  (ft) 0 80 160 240 320 400 480 560 640 720 800
1st Order Decay Coeff* lambda 1,1E+0 (per yr)
or 8.  CHOOSE TYPE OF OUTPUT TO SEE:
Solute Half-Life t-half 0,66 (year)
or Instantaneous Reaction Model
Delta Oxygen* DO 1,65 (mg/L)
Delta Nitrate* NO3 0,7 (mg/L)
Observed Ferrous Iron* Fe2+ 16,6 (mg/L)
Delta Sulfate* SO4 22,4 (mg/L)
Observed Methane* CH4 6,6 (mg/L)
Vertical Plane Source:  Look at Plume Cross-Section 
and Input Concentrations & Widths
for Zones 1, 2, and 3
View Output
 Paste Example Dataset
View Output  Restore Formulas for Vs, 
Dispersivities, R,  lambda, other
RUN 
CENTERLINE RUN ARRAY
Help Recalculate This Sheet
L
W
or
orr
or
1
2
3
4
5
or
or
 
Figure 9.2.4.1:  Site C Bioscreen calculation for butylacetate,  
  hydraulic gradient 0,000556. 
 
DISSOLVED BUTYL ACETATE CON CEN TRATION ALON G PLUME CEN TERLINE (mg/ L)
Distance from  Source (ft)
TYPE OF MODEL 0 80 160 240 320 400 480 560 640 720 800
No Degradation 1,364 3,058 6,502 12,239 18,402 10,961 3,401 0,653 0,075 0,005 0,000
1st Order Decay 1,364 2,323 3,813 5,776 7,417 3,985 1,158 0,213 0,024 0,002 0,000
Inst. Reaction 0,000 0,000 0,000 0,000 9,322 0,568 0,000 0,000 0,000 0,000 0,000
Field Data from Site 44,600 14,200 3,900
Time:
1 Years
Next Timestep
Prev Timestep
Replay
Animation
Recalculate This 
Sheet
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Return to 
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Figure 9.2.4.2: Site C Results Bioscreen calculation for butylacetate, 
  hydraulic gradient  0,000556. 
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DISSOLVED BUTYL ACETATE CONCENTRATION  ALONG PLUME CENTERLINE (mg/ L)
Distance from  Source (ft)
TYPE OF MODEL 0 80 160 240 320 400 480 560 640 720 800
No Degradation 0,042 0,094 0,207 0,448 0,957 2,016 4,097 7,737 12,981 12,927 6,716
1st Order Decay 0,042 0,071 0,119 0,194 0,315 0,510 0,815 1,254 1,789 1,579 0,751
Inst. Reaction 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 2,124 4,161 0,000
Field Data from Site 44,600 14,200 3,900
Time:
2 Years
Next Timestep
Prev Timestep
Replay
Animation
Recalculate This 
Sheet
0,0
10,0
20,0
30,0
40,0
50,0
0 100 200 300 400 500 600 700 800 90
Distance From Source (ft)
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1st Order Decay Instantaneous Reaction No Degradation Field Data from Site
Return to 
Input
 
Figure9.2.4.3: Site C Results Bioscreen calculation for butylacetate,  
  hydraulic gradient  0,000556. 
 
BIOSCREEN Natural Attenuation Decision Support System Site C Data Input Instructions:
Air Force Center for Environmental Excellence Version 1.4 Butyl acetate 115      1.  Enter value directly....or
Run Name      2.  Calculate by filling in grey  
1.  HYDROGEOLOGY 5.  GENERAL 0,02          cells below.  (To restore 
Seepage Velocity* Vs 689,7 (ft/yr) Modeled Area Length* 800 (ft)          formulas, hit button below).
or Modeled Area Width* 100 (ft) Variable*        Data used directly in model. 
Hydraulic Conductivity K 1,5E-01 (cm/sec) Simulation Time*    12 (yr) 20      Value calculated by model.
Hydraulic Gradient i 0,001111 (ft/ft)        (Don't enter any data).
Porosity n 0,25 (-) 6.  SOURCE DATA 
Source Thickness in Sat.Zone* 50 (ft)
2.  DISPERSION Source Zones:
Longitudinal Dispersivity* alpha x 16,1 (ft) Width* (ft) Conc. (mg/L)*
Transverse Dispersivity* alpha y 1,6 (ft) 75 2 1
Vertical Dispersivity* alpha z 0,0 (ft) 25 44,6
or 50 44,6
Estimated Plume Length Lp 400 (ft) 25 44,6
75 2
3.  ADSORPTION Source Halflife (see Help):
Retardation Factor* R 1,2 (-) <1 <1 (yr) View of Plume Looking Down
or Inst. React. 1st Order
Soil Bulk Density rho 1,7 (kg/l) Soluble Mass 200 (Kg) Observed Centerline Concentrations at Monitoring Wells 
Partition Coefficient Koc 38 (L/kg) In Source NAPL, Soil If No Data Leave Blank or Enter "0"
FractionOrganicCarbon foc 5,7E-5 (-) 7.  FIELD DATA FOR COMPARISON
Concentration (mg/L) 44,6 14,2 3,9
4.  BIODEGRADATION Dist. from Source  (ft) 0 80 160 240 320 400 480 560 640 720 800
1st Order Decay Coeff* lambda 1,1E+0 (per yr)
or 8.  CHOOSE TYPE OF OUTPUT TO SEE:
Solute Half-Life t-half 0,66 (year)
or Instantaneous Reaction Model
Delta Oxygen* DO 1,65 (mg/L)
Delta Nitrate* NO3 0,7 (mg/L)
Observed Ferrous Iron* Fe2+ 16,6 (mg/L)
Delta Sulfate* SO4 22,4 (mg/L)
Observed Methane* CH4 6,6 (mg/L)
Vertical Plane Source:  Look at Plume Cross-Section 
and Input Concentrations & Widths
for Zones 1, 2, and 3
View Output
 Paste Example Dataset
View Output  Restore Formulas for Vs, 
Dispersivities, R,  lambda, other
RUN 
CENTERLINE RUN ARRAY
Help Recalculate This Sheet
L
W
or
orr
or
1
2
3
4
5
or
or
 
Figure 9.2.4.4: Site C Bioscreen calculation for butylacetate,  
  hydraulic gradient 0,001111. 
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DISSOLVED BUTYL ACETATE CON CEN TRATION  ALON G PLUME CEN TERLIN E (mg/ L)
Distance from Source (ft)
TYPE OF MODEL 0 80 160 240 320 400 480 560 640 720 800
No Degradation 0,042 0,095 0,209 0,450 0,963 2,028 4,120 7,775 13,030 12,874 6,675
1st Order Decay 0,042 0,082 0,157 0,293 0,545 1,004 1,809 3,089 4,790 4,468 2,222
Inst. Reaction 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 2,210 4,084 0,000
Field Data from Site 44,600 14,200 3,900
Time:
1 Years
Next Timestep
Prev Timestep
Replay
Animation
Recalculate This 
Sheet
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Return to 
Input
 
Figure 9.2.4.5:  Site C  Results Bioscreen calculation for butylacetate, 
   hydraulic gradient 0,001111. 
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9.2.5 Bioscreen calculations for the migration of Xylenes 
 
 
BIOSCREEN Natural Attenuation Decision Support System Site C Data Input Instructions:
Air Force Center for Environmental Excellence Version 1.4 Xylene 115      1.  Enter value directly....or
Run Name      2.  Calculate by filling in grey  
1.  HYDROGEOLOGY 5.  GENERAL 0,02          cells below.  (To restore 
Seepage Velocity* Vs 155,2 (ft/yr) Modeled Area Length* 850 (ft)          formulas, hit button below).
or Modeled Area Width* 100 (ft) Variable*        Data used directly in model. 
Hydraulic Conductivity K 1,5E-01 (cm/sec) Simulation Time*    20 (yr) 20      Value calculated by model.
Hydraulic Gradient i 0,00025 (ft/ft)        (Don't enter any data).
Porosity n 0,25 (-) 6.  SOURCE DATA 
Source Thickness in Sat.Zone* 50 (ft)
2.  DISPERSION Source Zones:
Longitudinal Dispersivity* alpha x 16,9 (ft) Width* (ft) Conc. (mg/L)*
Transverse Dispersivity* alpha y 1,7 (ft) 30 0,5 1
Vertical Dispersivity* alpha z 0,0 (ft) 65 10
or 90 42
Estimated Plume Length Lp 442 (ft) 65 10
30 0,5
3.  ADSORPTION Source Halflife (see Help):
Retardation Factor* R 3,1 (-) <1 <1 (yr) View of Plume Looking Down
or Inst. React. 1st Order
Soil Bulk Density rho 1,7 (kg/l) Soluble Mass 200 (Kg) Observed Centerline Concentrations at Monitoring Wells 
Partition Coefficient Koc 38 (L/kg) In Source NAPL, Soil If No Data Leave Blank or Enter "0"
FractionOrganicCarbon foc 5,7E-5 (-) 7.  FIELD DATA FOR COMPARISON
Concentration (mg/L) 34,02 4,23 5,69 3,063
4.  BIODEGRADATION Dist. from Source  (ft) 0 85 170 255 340 425 510 595 680 765 850
1st Order Decay Coeff* lambda 1,1E+0 (per yr)
or 8.  CHOOSE TYPE OF OUTPUT TO SEE:
Solute Half-Life t-half 0,66 (year)
or Instantaneous Reaction Model
Delta Oxygen* DO 1,65 (mg/L)
Delta Nitrate* NO3 0,7 (mg/L)
Observed Ferrous Iron* Fe2+ 16,6 (mg/L)
Delta Sulfate* SO4 22,4 (mg/L)
Observed Methane* CH4 6,6 (mg/L)
Vertical Plane Source:  Look at Plume Cross-Section 
and Input Concentrations & Widths
for Zones 1, 2, and 3
View Output
 Paste Example Dataset
View Output  Restore Formulas for Vs, 
Dispersivities, R,  lambda, other
RUN 
CENTERLINE RUN ARRAY
Help Recalculate This Sheet
L
W
or
orr
or
1
2
3
4
5
or
or
 
Figure 9.2.5.1: Bioscreen calculation for xylenes. 
 
DISSOLVED XYLEN E CON CENTRATION ALONG PLUME CENTERLINE (mg/ L)
Distance from  Source (ft)
TYPE OF MODEL 0 85 170 255 340 425 510 595 680 765 850
No Degradation 2,540 16,467 4,597 0,147 0,001 0,000 0,000 0,000 0,000 0,000 0,000
1st Order Decay 2,540 6,007 0,989 0,025 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Inst. Reaction 0,000 2,253 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Field Data from Site 34,020 4,230 5,690 3,063
Time:
2 Years
Next Timestep
Prev Timestep
Replay
Animation
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Figure 9.2.5.2: Results Bioscreen calculation for xylenes. 
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DISSOLVED XYLEN E CON CEN TRATION  ALON G PLUME CEN TERLIN E (mg/ L)
Distance from Source (ft)
TYPE OF MODEL 0 85 170 255 340 425 510 595 680 765 850
No Degradation 0,154 1,520 11,047 9,604 1,610 0,108 0,003 0,000 0,000 0,000 0,000
1st Order Decay 0,154 0,408 1,008 0,435 0,049 0,003 0,000 0,000 0,000 0,000 0,000
Inst. Reaction 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Field Data from Site 34,020 4,230 5,690 3,063
Time:
4 Years
Next Timestep
Prev Timestep
Replay
Animation
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Figure 9.2.5.3: Results Bioscreen calculation for xylenes. 
 
 
DISSOLVED XYLEN E CON CENTRATION ALONG PLUME CENTERLINE (mg/ L)
Distance from  Source (ft)
TYPE OF MODEL 0 85 170 255 340 425 510 595 680 765 850
No Degradation 0,009 0,098 0,937 7,179 12,526 3,719 0,617 0,055 0,003 0,000 0,000
1st Order Decay 0,009 0,025 0,064 0,159 0,122 0,021 0,003 0,000 0,000 0,000 0,000
Inst. Reaction 0,000 0,000 0,000 0,000 2,955 0,000 0,000 0,000 0,000 0,000 0,000
Field Data from Site 34,020 4,230 5,690 3,063
Time:
6 Years
Next Timestep
Prev Timestep
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Figure 9.2.5.4: Results Bioscreen calculation for xylenes. 
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DISSOLVED XYLENE CON CEN TRATION  ALONG PLUME CEN TERLINE (mg/ L)
Distance from Source (ft)
TYPE OF MODEL 0 85 170 255 340 425 510 595 680 765 850
No Degradation 0,001 0,006 0,061 0,576 4,628 14,351 5,720 1,500 0,249 0,026 0,002
1st Order Decay 0,001 0,001 0,004 0,010 0,025 0,031 0,006 0,001 0,000 0,000 0,000
Inst. Reaction 0,000 0,000 0,000 0,000 0,000 5,799 0,000 0,000 0,000 0,000 0,000
Field Data from Site 34,020 4,230 5,690 3,063
Time:
8 Years
Next Timestep
Prev Timestep
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Figure 9.2.5.5: Results Bioscreen calculation for xylenes. 
 
DISSOLVED XYLENE CON CEN TRATION ALONG PLUME CENTERLINE (mg/ L)
Distance from  Source (ft)
TYPE OF MODEL 0 85 170 255 340 425 510 595 680 765 850
No Degradation 0,000 0,000 0,004 0,038 0,357 2,978 15,563 7,434 2,572 0,624 0,104
1st Order Decay 0,000 0,000 0,000 0,001 0,002 0,004 0,007 0,002 0,000 0,000 0,000
Inst. Reaction 0,000 0,000 0,000 0,000 0,000 0,000 7,808 0,000 0,000 0,000 0,000
Field Data from Site 34,020 4,230 5,690 3,063
Time:
10 Years
Next Timestep
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Figure 9.2.5.6: Results Bioscreen calculation for xylenes.  
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DISSOLVED XYLEN E CON CENTRATION ALONG PLUME CENTERLINE (mg/ L)
Distance from  Source (ft)
TYPE OF MODEL 0 85 170 255 340 425 510 595 680 765 850
No Degradation 0,000 0,000 0,000 0,002 0,023 0,223 1,916 13,954 8,862 3,693 1,153
1st Order Decay 0,000 0,000 0,000 0,000 0,000 0,000 0,001 0,002 0,000 0,000 0,000
Inst. Reaction 0,000 0,000 0,000 0,000 0,000 0,000 0,000 3,744 0,000 0,000 0,000
Field Data from Site 34,020 4,230 5,690 3,063
Time:
12 Years
Next Timestep
Prev Timestep
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Figure 9.2.5.7: Results Bioscreen calculation for xylenes. 
 
 
DISSOLVED XYLENE CON CEN TRATION  ALONG PLUME CEN TERLINE (mg/ L)
Distance from Source (ft)
TYPE OF MODEL 0 85 170 255 340 425 510 595 680 765 850
No Degradation 0,000 0,000 0,000 0,000 0,001 0,015 0,140 1,233 9,462 10,044 4,784
1st Order Decay 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Inst. Reaction 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,318 0,000
Field Data from Site 34,020 4,230 5,690 3,063
Time:
14 Years
Next Timestep
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Figure 9.2.5.8: Results Bioscreen calculation for xylenes. 
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DISSOLVED XYLEN E CON CENTRATION ALONG PLUME CENTERLINE (mg/ L)
Distance from  Source (ft)
TYPE OF MODEL 0 85 170 255 340 425 510 595 680 765 850
No Degradation 0,000 0,000 0,000 0,000 0,000 0,001 0,009 0,088 0,794 6,347 11,022
1st Order Decay 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Inst. Reaction 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 1,927
Field Data from Site 34,020 4,230 5,690 3,063
Time:
16 Years
Next Timestep
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Figure 9.2.5.9: Results Bioscreen calculation for xylenes. 
 
 
DISSOLVED XYLENE CON CEN TRATION  ALONG PLUME CEN TERLINE (mg/ L)
Distance from Source (ft)
TYPE OF MODEL 0 85 170 255 340 425 510 595 680 765 850
No Degradation 0,000 0,000 0,000 0,000 0,000 0,000 0,001 0,006 0,056 0,512 4,226
1st Order Decay 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Inst. Reaction 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Field Data from Site 34,020 4,230 5,690 3,063
Time:
18 Years
Next Timestep
Prev Timestep
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Figure 9.2.5.10: Results Bioscreen calculation for xylenes. 
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9.2.6 Bioscreen calculations for the migration of butyl acetate 
 
BIOSCREEN Natural Attenuation Decision Support System Site C Data Input Instructions:
Air Force Center for Environmental Excellence Version 1.4 Butyl acetate 115      1.  Enter value directly....or
Run Name      2.  Calculate by filling in grey  
1.  HYDROGEOLOGY 5.  GENERAL 0,02          cells below.  (To restore 
Seepage Velocity* Vs 155,2 (ft/yr) Modeled Area Length* 800 (ft)          formulas, hit button below).
or Modeled Area Width* 100 (ft) Variable*        Data used directly in model. 
Hydraulic Conductivity K 1,5E-01 (cm/sec) Simulation Time*    12 (yr) 20      Value calculated by model.
Hydraulic Gradient i 0,00025 (ft/ft)        (Don't enter any data).
Porosity n 0,25 (-) 6.  SOURCE DATA 
Source Thickness in Sat.Zone* 50 (ft)
2.  DISPERSION Source Zones:
Longitudinal Dispersivity* alpha x 16,1 (ft) Width* (ft) Conc. (mg/L)*
Transverse Dispersivity* alpha y 1,6 (ft) 75 2 1
Vertical Dispersivity* alpha z 0,0 (ft) 25 44,6
or 50 44,6
Estimated Plume Length Lp 400 (ft) 25 44,6
75 2
3.  ADSORPTION Source Halflife (see Help):
Retardation Factor* R 1,2 (-) <1 <1 (yr) View of Plume Looking Down
or Inst. React. 1st Order
Soil Bulk Density rho 1,7 (kg/l) Soluble Mass 200 (Kg) Observed Centerline Concentrations at Monitoring Wells 
Partition Coefficient Koc 38 (L/kg) In Source NAPL, Soil If No Data Leave Blank or Enter "0"
FractionOrganicCarbon foc 5,7E-5 (-) 7.  FIELD DATA FOR COMPARISON
Concentration (mg/L) 44,6 14,2 3,9
4.  BIODEGRADATION Dist. from Source  (ft) 0 80 160 240 320 400 480 560 640 720 800
1st Order Decay Coeff* lambda 1,1E+0 (per yr)
or 8.  CHOOSE TYPE OF OUTPUT TO SEE:
Solute Half-Life t-half 0,66 (year)
or Instantaneous Reaction Model
Delta Oxygen* DO 1,65 (mg/L)
Delta Nitrate* NO3 0,7 (mg/L)
Observed Ferrous Iron* Fe2+ 16,6 (mg/L)
Delta Sulfate* SO4 22,4 (mg/L)
Observed Methane* CH4 6,6 (mg/L)
Vertical Plane Source:  Look at Plume Cross-Section 
and Input Concentrations & Widths
for Zones 1, 2, and 3
View Output
 Paste Example Dataset
View Output  Restore Formulas for Vs, 
Dispersivities, R,  lambda, other
RUN 
CENTERLINE RUN ARRAY
Help Recalculate This Sheet
L
W
or
orr
or
1
2
3
4
5
or
or
 
Figure 9.2.6.1: Bioscreen calculation for Butyl acetate. 
 
 
DISSOLVED BUTYL ACETATE CONCENTRATION  ALONG PLUME CENTERLINE (mg/ L)
Distance from  Source (ft)
TYPE OF MODEL 0 80 160 240 320 400 480 560 640 720 800
No Degradation 9,298 17,894 20,218 4,588 0,359 0,009 0,000 0,000 0,000 0,000 0,000
1st Order Decay 9,298 10,986 8,958 1,713 0,123 0,003 0,000 0,000 0,000 0,000 0,000
Inst. Reaction 0,000 6,183 12,384 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Field Data from Site 44,600 14,200 3,900
Time:
1 Years
Next Timestep
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Figure 9.2.6.2: Results Bioscreen calculation for Butyl acetate. 
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DISSOLVED BUTYL ACETATE CONCENTRATION  ALONG PLUME CENTERLINE (mg/ L)
Distance from  Source (ft)
TYPE OF MODEL 0 80 160 240 320 400 480 560 640 720 800
No Degradation 1,938 4,323 8,972 15,662 17,842 6,665 1,499 0,193 0,014 0,001 0,000
1st Order Decay 1,938 2,430 2,944 3,305 2,761 0,847 0,169 0,020 0,001 0,000 0,000
Inst. Reaction 0,000 0,000 0,000 3,940 9,798 0,000 0,000 0,000 0,000 0,000 0,000
Field Data from Site 44,600 14,200 3,900
Time:
2 Years
Next Timestep
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Figure 9.2.6.3: Results Bioscreen calculation for Butyl acetate. 
 
 
DISSOLVED BUTYL ACETATE CONCENTRATION  ALONG PLUME CENTERLINE (mg/ L)
Distance from  Source (ft)
TYPE OF MODEL 0 80 160 240 320 400 480 560 640 720 800
No Degradation 0,885 1,990 4,303 8,588 14,711 16,777 7,043 1,981 0,359 0,041 0,003
1st Order Decay 0,885 1,111 1,359 1,611 1,802 1,510 0,516 0,127 0,021 0,002 0,000
Inst. Reaction 0,000 0,000 0,000 0,000 3,038 8,647 0,000 0,000 0,000 0,000 0,000
Field Data from Site 44,600 14,200 3,900
Time:
3 Years
Next Timestep
Prev Timestep
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Figure 9.2.6.4: Results Bioscreen calculation for Butyl acetate. 
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DISSOLVED BUTYL ACETATE CONCENTRATION ALON G PLUME CENTERLINE (mg/ L)
Distance from  Source (ft)
TYPE OF MODEL 0 80 160 240 320 400 480 560 640 720 800
No Degradation 0,404 0,910 1,995 4,191 8,189 13,928 15,834 7,228 2,371 0,541 0,084
1st Order Decay 0,404 0,507 0,622 0,746 0,877 0,985 0,824 0,304 0,086 0,018 0,003
Inst. Reaction 0,000 0,000 0,000 0,000 0,000 2,327 7,623 0,000 0,000 0,000 0,000
Field Data from Site 44,600 14,200 3,900
Time:
4 Years
Next Timestep
Prev Timestep
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Figure 9.2.6.5: Results Bioscreen calculation for Butyl acetate. 
 
DISSOLVED BUTYL ACETATE CONCENTRATION  ALONG PLUME CENTERLINE (mg/ L)
Distance from  Source (ft)
TYPE OF MODEL 0 80 160 240 320 400 480 560 640 720 800
No Degradation 0,084 0,190 0,418 0,901 1,910 3,923 7,516 12,771 14,266 7,299 2,922
1st Order Decay 0,084 0,106 0,130 0,156 0,186 0,222 0,262 0,298 0,245 0,100 0,034
Inst. Reaction 0,000 0,000 0,000 0,000 0,000 0,000 0,000 1,354 5,894 0,000 0,000
Field Data from Site 44,600 14,200 3,900
Time:
5 Years
Next Timestep
Prev Timestep
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Figure 9.2.6.6: Results Bioscreen calculation for Butyl acetate. 
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DISSOLVED BUTYL ACETATE CONCENTRATION ALONG PLUME CENTERLINE (mg/ L)
Distance from  Source (ft)
TYPE OF MODEL 0 80 160 240 320 400 480 560 640 720 800
No Degradation 0,018 0,040 0,087 0,189 0,405 0,864 1,820 3,700 7,025 11,994 13,024
1st Order Decay 0,018 0,022 0,027 0,033 0,039 0,047 0,056 0,067 0,079 0,092 0,073
Inst. Reaction 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,802 4,486
Field Data from Site 44,600 14,200 3,900
Time:
6 Years
Next Timestep
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Figure 9.2.6.7: Results Bioscreen calculation for Butyl acetate. 
 
 
DISSOLVED BUTYL ACETATE CONCENTRATION  ALON G PLUME CEN TERLIN E (mg/ L)
Distance from Source (ft)
TYPE OF MODEL 0 80 160 240 320 400 480 560 640 720 800
No Degradation 0,004 0,008 0,018 0,039 0,085 0,182 0,390 0,834 1,750 3,533 6,675
1st Order Decay 0,004 0,005 0,006 0,007 0,008 0,010 0,012 0,014 0,017 0,020 0,024
Inst. Reaction 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Field Data from Site 44,600 14,200 3,900
Time:
7 Years
Next Timestep
Prev Timestep
Replay
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Figure 9.2.6.8: Results Bioscreen calculation for Butyl acetate. 
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DISSOLVED BUTYL ACETATE CONCENTRATION  ALON G PLUME CEN TERLIN E (mg/ L)
Distance from Source (ft)
TYPE OF MODEL 0 80 160 240 320 400 480 560 640 720 800
No Degradation 0,001 0,002 0,004 0,008 0,018 0,038 0,082 0,176 0,380 0,813 1,699
1st Order Decay 0,001 0,001 0,001 0,001 0,002 0,002 0,002 0,003 0,004 0,004 0,005
Inst. Reaction 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Field Data from Site 44,600 14,200 3,900
Time:
8 Years
Next Timestep
Prev Timestep
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Figure 9.2.6.9: Results Bioscreen calculation for Butyl acetate. 
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9.3 Exposure routes and time division for human risk 
assessment  
 
Table 9.3.1:  Site C – starting values for the scenario industry. 
Conceptueel Site Model
Landuse: Industrial
Sub-site: C
Distribution pipelines Top horizont None Ingestion soil X Humans X Adults
X Storing products Dermale contact soil Children
X Treating material Wind Inhalation soil Adults rural area
Waste storage X Lowest horizont X Leaching to groundwater Ingestion groundwater as drinking water Children rural area
Waste handling Inhalation vapours shower Adults recreation
Others Dermale contact shower Employees
X Permeation drinkwaterpipes X Ingestion drinking water Biota Terrestric
Inhalation vapours shower Aquatic
Dermale contact shower Other
X Volatalization X Inhalation indoor air
X Inhalation outdoor air
X Groundwater X Transport via groundwater X Ingestion groundwater as drinking water
Inhalation vapours shower
Dermale contact shower
X Volatalization X Inhalation indoor air
X Inhalation outdoor air
Surface water None Ingestion surface water
Swimming in surface water
Dermal contact surface water
Ingestion suspended matter
X LNAPL X Volatalization X Inhalation indoor air
X Inhalation outdoor air
X Leaching to groundwater Ingestion groundwater as drinking water
Inhalation vapours shower
Dermale contact shower
X Other
Vegetables None Ingestion of vegetables
Meat None Ingestion of meat
Fish None Ingestion of fish
Milk None Ingestion of milk
Primairy source Secundairy source Transportmechanisms Exposure routes Receptors
Tertiairy source Transportmechanisms Exposure routes
 
 
Subsite B1 Days off h/d d/w w/y h/d d/w w/y
Routes Active Time inside dermal 0 0 0 0 0 0
Inhalation indoor air X Time outside inhalation 0 0 0 0 0 0
inhalation outdoor air X Time outside dermal 0 0 0 0 0 0
Ingestion soil X Working days h/d d/w w/y h/d d/w w/y
Dermal contact soil X Time inside dermal 8 5 25 8 5 25
Inhalation soil X Time outside inhalation 1 5 25 1 5 25
Ingestion drinking water Time outside dermal 1 5 25 1 5 25
Dermale contact shower h/d d/w w/y
Inhalation vapour shower Time inside sleeping Winter + Summer 0 0 0
Ingestion milk
Ingestion meat
Ingestion vegetables Days off h/d d/w w/y h/d d/w w/y
Ingestion surface water Time inside dermal 0 0 0 0 0 0
Ingestion suspended matter Time outside inhalation 0 0 0 0 0 0
Dermal contact surface water Time outside dermal 0 0 0 0 0 0
Ingestion fish Working days h/d d/w w/y h/d d/w w/y
Time inside dermal 0 0 0 0 0 0
Time outside inhalation 0 0 0 0 0 0
Time outside dermal 0 0 0 0 0 0
h/d d/w w/y
Time inside sleeping Winter + Summer 0 0 0
Winter Summer
Time division adults
Winter Summer
Winter Summer
Time division children
Winter Summer
Industrial landuse
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9.4 Human risk calculations site C  
 
= Site = 
Data from file: SITE_C.LOC 
Name:  Site C 
Code:  00000 
Description: 
 
==== Result ==== 
Scenario : Scenario 0 
Subsite : Subsite 0 
 
==== Risk Table ==== 
Maximum Permissable Risk level 
----------------------------------------------------------------------------------- 
Measurement      Substance             Dose(mg/(kg.d)) RfD(mg/(kg.d))  Dose/RfD 
----------------------------------------------------------------------------------- 
Ethyl benz ave   ethyl benzene          1.04E-04        1.36E-01        7.63E-04 
Ethyl benz max   ethyl benzene          3.99E-04        1.36E-01        2.93E-03 
Xylene  ave      xylene (m)             3.14E-03        1.00E-02        3.14E-01 
Xylene  max      xylene (m)             3.14E-02        1.00E-02        3.14E+00 
Benzene ave      benzene                5.97E-05        4.30E-03        1.39E-02 
Benzene max      benzene                1.55E-04        4.30E-03        3.59E-02 
Toluene ave      toluene                5.54E-05        4.30E-01        1.29E-04 
Toluene max      toluene                1.18E-04        4.30E-01        2.74E-04 
TCE ave          trichloroethene        4.06E-06        5.40E-01        7.52E-06 
TCE max          trichloroethene        3.32E-05        5.40E-01        6.14E-05 
PCE ave          tetrachloroethene      1.44E-05        1.60E-02        8.98E-04 
PCE max          tetrachloroethene      1.20E-04        1.60E-02        7.49E-03 
cis-1,2 DCE ave  cis-1,2 dichloroethene 2.45E-04        1.60E-02        1.53E-02 
cis-1,2 DCE max  cis-1,2 dichloroethene 4.07E-04        1.60E-02        2.54E-02 
Buytl acet ave   butylacetate           2.33E-02        2.00E-01        1.16E-01 
Buytl acet max   butylacetate           6.39E-02        2.00E-01        3.19E-01 
----------------------------------------------------------------------------------- 
RfD = Reference Dose 
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Indoor concentration in air 
----------------------------------------------------------------------------------- 
Measurement      Substance             Cia(µg/m3)      TCA(µg/m3)      Cia/TCA 
----------------------------------------------------------------------------------- 
Ethyl benz ave   ethyl benzene          1.55E+00        7.70E+01        2.01E-02 
Ethyl benz max   ethyl benzene          5.94E+00        7.70E+01        7.71E-02 
Xylene  ave      xylene (m)             5.02E+01        5.40E+01        9.30E-01 
Xylene  max      xylene (m)             5.02E+02        5.40E+01        9.30E+00 
Benzene ave      benzene                9.57E-01        3.00E+01        3.19E-02 
Benzene max      benzene                2.48E+00        3.00E+01        8.26E-02 
Toluene ave      toluene                8.53E-01        3.00E+03        2.84E-04 
Toluene max      toluene                1.78E+00        3.00E+03        5.95E-04 
TCE ave          trichloroethene        6.51E-02        1.90E+03        3.43E-05 
TCE max          trichloroethene        5.31E-01        1.90E+03        2.80E-04 
PCE ave          tetrachloroethene      2.31E-01        2.50E+03        9.22E-05 
PCE max          tetrachloroethene      1.92E+00        2.50E+03        7.69E-04 
cis-1,2 DCE ave  cis-1,2 dichloroethene 3.93E+00        3.00E+01        1.31E-01 
cis-1,2 DCE max  cis-1,2 dichloroethene 6.53E+00        3.00E+01        2.18E-01 
Buytl acet ave   butylacetate           3.60E+02        1.00E+03        3.60E-01 
Buytl acet max   butylacetate           9.88E+02        1.00E+03        9.88E-01 
----------------------------------------------------------------------------------- 
TCA = Tolerable Concentration in Air Cia = Concentration in indoor air 
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Outdoor concentration in air 
----------------------------------------------------------------------------------- 
Measurement      Substance             Coa(µg/m3)      TCA(µg/m3)      Coa/TCA 
----------------------------------------------------------------------------------- 
Ethyl benz ave   ethyl benzene          1.55E+00        7.70E+01        2.01E-02 
Ethyl benz max   ethyl benzene          5.94E+00        7.70E+01        7.71E-02 
Xylene  ave      xylene (m)             4.67E+00        5.40E+01        8.64E-02 
Xylene  max      xylene (m)             4.67E+01        5.40E+01        8.64E-01 
Butylacteta ave  butylacetate           1.13E+00        1.00E+03        1.13E-03 
Butylaceta max   butylacetate           1.13E+02        1.00E+03        1.13E-01 
Benzene ave      benzene                8.88E-02        3.00E+01        2.96E-03 
Benzene max      benzene                2.30E-01        3.00E+01        7.66E-03 
Toluene ave      toluene                5.10E-01        3.00E+03        1.70E-04 
Toluene max      toluene                1.47E+00        3.00E+03        4.89E-04 
TCE ave          trichloroethene        6.00E-03        1.90E+03        3.16E-06 
TCE max          trichloroethene        4.90E-02        1.90E+03        2.58E-05 
PCE ave          tetrachloroethene      2.12E-02        2.50E+03        8.47E-06 
PCE max          tetrachloroethene      1.76E-01        2.50E+03        7.06E-05 
cis-1,2 DCE ave  cis-1,2 dichloroethene 3.60E-01        3.00E+01        1.20E-02 
cis-1,2 DCE max  cis-1,2 dichloroethene 6.00E-01        3.00E+01        2.00E-02 
Buytl acet ave   butylacetate           5.57E+01        1.00E+03        5.57E-02 
Buytl acet max   butylacetate           1.53E+02        1.00E+03        1.53E-01 
----------------------------------------------------------------------------------- 
TCA = Tolerable Concentration in Air Coa = Concentration in outdoor air 
 
 
The combination toxicology for the maximum permissable risk level will be performed 
according the publication ‘Nadere onderzoeksrichtlijn, Ernst-, urgentie- en tijdstipbepaling, 
VROM, 1997.  
 
The following contaminants for site C can be combined: 
 
Contaminant Combination  
Chlorinated solvents tetrachloroethene, trichloroethene 
Aromatic hydrocarbons Benzene, toluene, ethyl benzene and xylenes   
 
 
Landuse Average Maximum Average Maximum
Industry 3,29E-01 3,18E+00 9,06E-04 7,55E-03
Aromatic hydrocarbons Chlorinated solvents
Risk index contaminantCombination 
toxicology
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9.5 Detailed calculation results Johnson en Ettinger model 
Soil – Benzene 
CALCULATE RISK-BASED SOIL CONCENTRATION (enter "X" in "YES" box) VERSION 1.2
September, 1998
YES
OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL SOIL CONCENTRATION (enter "X" in "YES" box and initial soil conc. below)
YES X
ENTER ENTER
Initial
Chemical soil
CAS No. conc.,
(numbers only, CR
no dashes) (μg/kg) Chemical
71432 123 Benzene
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Depth Depth below Totals must add up to value of Lt (cell D28) Soil
below grade grade to bottom Thickness Thickness stratum A User-defined
Average to bottom Depth below of contamination, Thickness of soil of soil SCS stratum A
soil of enclosed grade to top (enter value of 0 of soil stratum B, stratum C, soil type soil vapor
temperature, space floor, of contamination, if value is unknown) stratum A, (Enter value or 0) (Enter value or 0) (used to estimate OR permeability,
TS LF Lt Lb hA hB hC soil vapor kv
(oC) (cm) (cm) (cm) (cm) (cm) (cm) permeability) (cm2)
10 10 40 0 40 0 0 S
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C
soil dry soil total soil water-filled soil organic soil dry soil total soil water-filled soil organic soil dry soil total
bulk density, porosity, porosity, carbon fraction, bulk density, porosity, porosity, carbon fraction, bulk density, porosity,
ρbA n
A θwA focA ρbB n
B θwB focB ρbC n
C
(g/cm3) (unitless) (cm3/cm3) (unitless) (g/cm3) (unitless) (cm3/cm3) (unitless) (g/cm3) (unitless)
1,4 0,43 0,15 0,006 1,5 0,43 0,25 0,003 1,7 0,34
ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed
space Soil-bldg. space space Enclosed Floor-wall Indoor
floor pressure floor floor space seam crack air exchange
thickness, differential, length, width, height, width, rate,
Lcrack ΔP LB WB HB w ER
(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h)
10 20 10000 10000 10 0,1 0,45
ENTER ENTER ENTER ENTER ENTER ENTER
Averaging Averaging Target Target hazard
time for time for Exposure Exposure risk for quotient for
carcinogens, noncarcinogens, duration, frequency, carcinogens, noncarcinogens,
ATc ATnc ED EF TR THQ
(yrs) (yrs) (yrs) (days/yr) (unitless) (unitless)
70 30 30 350 1,0E-06 1
Used to calculate risk-based
soil concentration.
 
RISK-BASED SOIL CONCENTRATION CALCULATIONS: INCREMENTAL RISK CALCULATIONS:
Incremental Hazard
Indoor Indoor Risk-based Final risk from quotient
exposure exposure indoor Soil indoor vapor from vapor
soil soil exposure saturation exposure intrusion to intrusion to
conc., conc., soil conc., soil indoor air, indoor air,
carcinogen noncarcinogen conc., Csat conc., carcinogen noncarcinogen
(μg/kg) (μg/kg) (μg/kg) (μg/kg) (μg/kg) (unitless) (unitless)
NA NA NA 8,46E+05 NA NA 3,2E+00
ERROR SUMMARY BELOW: (DO NOT USE RESULTS IF ERRORS ARE PRESENT)
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Ground water – Benzene 
 
CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box) VERSION 1.2
September, 1998
YES
OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION (enter "X" in "YES" box and initial groundwater conc. below)
YES X
ENTER ENTER
Initial
Chemical groundwater
CAS No. conc.,
(numbers only, CW
no dashes) (μg/L) Chemical
71432 504 Benzene
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Depth Totals must add up to value of LWT (cell D28) Soil
Average below grade Thickness Thickness stratum A User-defined
soil/ to bottom Depth Thickness of soil of soil Soil SCS stratum A
groundwater of enclosed below grade of soil stratum B, stratum C, stratum SCS soil type soil vapor
temperature, space floor, to water table, stratum A, (Enter value or 0) (Enter value or 0) directly above soil type (used to estimate OR permeability,
TS LF LWT hA hB hC water table, directly above soil vapor kv
(oC) (cm) (cm) (cm) (cm) (cm) (Enter A, B, or C) water table permeability) (cm2)
10 10 750 450 300 0 B S S
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C
soil dry soil total soil water-filled soil dry soil total soil water-filled soil dry soil total soil water-filled
bulk density, porosity, porosity, bulk density, porosity, porosity, bulk density, porosity, porosity,
ρbA n
A θwA ρbB n
B θwB ρbC n
C θwC
(g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3)
1,4 0,43 0,2 1,4 0,42 0,27 1,7 0,43 0,3
ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed
space Soil-bldg. space space Enclosed Floor-wall Indoor
floor pressure floor floor space seam crack air exchange
thickness, differential, length, width, height, width, rate,
Lcrack ΔP LB WB HB w ER
(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h)
10 20 10000 10000 10 0,1 0,45
ENTER ENTER ENTER ENTER ENTER ENTER
Averaging Averaging Target Target hazard
time for time for Exposure Exposure risk for quotient for
carcinogens, noncarcinogens, duration, frequency, carcinogens, noncarcinogens,
ATC ATNC ED EF TR THQ
(yrs) (yrs) (yrs) (days/yr) (unitless) (unitless)
70 30 30 350 1,0E-06 1
Used to calculate risk-based
groundwater concentration.
 
 
RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: INCREMENTAL RISK CALCULATIONS:
Incremental Hazard
Indoor Indoor Risk-based Pure Final risk from quotient
exposure exposure indoor component indoor vapor from vapor
groundwater groundwater exposure water exposure intrusion to intrusion to
conc., conc., groundwater solubility, groundwater indoor air, indoor air,
carcinogen noncarcinogen conc., S conc., carcinogen noncarcinogen
(μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (unitless) (unitless)
NA NA NA NA NA NA 1,9E+00
ERROR SUMMARY BELOW: (DO NOT USE RESULTS IF ERRORS ARE PRESENT)
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Soil – Toluene 
 
CALCULATE RISK-BASED SOIL CONCENTRATION (enter "X" in "YES" box) VERSION 1.2
September, 1998
YES
OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL SOIL CONCENTRATION (enter "X" in "YES" box and initial soil conc. below)
YES X
ENTER ENTER
Initial
Chemical soil
CAS No. conc.,
(numbers only, CR
no dashes) (μg/kg) Chemical
108883 1020 Toluene
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Depth Depth below Totals must add up to value of Lt (cell D28) Soil
below grade grade to bottom Thickness Thickness stratum A User-defined
Average to bottom Depth below of contamination, Thickness of soil of soil SCS stratum A
soil of enclosed grade to top (enter value of 0 of soil stratum B, stratum C, soil type soil vapor
temperature, space floor, of contamination, if value is unknown) stratum A, (Enter value or 0) (Enter value or 0) (used to estimate OR permeability,
TS LF Lt Lb hA hB hC soil vapor kv
(oC) (cm) (cm) (cm) (cm) (cm) (cm) permeability) (cm2)
10 10 40 0 40 0 0 S
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C
soil dry soil total soil water-filled soil organic soil dry soil total soil water-filled soil organic soil dry soil total
bulk density, porosity, porosity, carbon fraction, bulk density, porosity, porosity, carbon fraction, bulk density, porosity,
ρbA n
A θwA focA ρbB n
B θwB focB ρbC n
C
(g/cm3) (unitless) (cm3/cm3) (unitless) (g/cm3) (unitless) (cm3/cm3) (unitless) (g/cm3) (unitless)
1,4 0,43 0,15 0,006 1,5 0,43 0,25 0,003 1,7 0,34
ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed
space Soil-bldg. space space Enclosed Floor-wall Indoor
floor pressure floor floor space seam crack air exchange
thickness, differential, length, width, height, width, rate,
Lcrack ΔP LB WB HB w ER
(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h)
10 20 10000 10000 10 0,1 0,45
ENTER ENTER ENTER ENTER ENTER ENTER
Averaging Averaging Target Target hazard
time for time for Exposure Exposure risk for quotient for
carcinogens, noncarcinogens, duration, frequency, carcinogens, noncarcinogens,
ATc ATnc ED EF TR THQ
(yrs) (yrs) (yrs) (days/yr) (unitless) (unitless)
70 30 30 350 1,0E-06 1
Used to calculate risk-based
soil concentration.
 
RISK-BASED SOIL CONCENTRATION CALCULATIONS: INCREMENTAL RISK CALCULATIONS:
Incremental Hazard
Indoor Indoor Risk-based Final risk from quotient
exposure exposure indoor Soil indoor vapor from vapor
soil soil exposure saturation exposure intrusion to intrusion to
conc., conc., soil conc., soil indoor air, indoor air,
carcinogen noncarcinogen conc., Csat conc., carcinogen noncarcinogen
(μg/kg) (μg/kg) (μg/kg) (μg/kg) (μg/kg) (unitless) (unitless)
NA NA NA 6,44E+05 NA NA 1,1E-01
ERROR SUMMARY BELOW: (DO NOT USE RESULTS IF ERRORS ARE PRESENT)
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Ground water – Toluene 
 
CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box) VERSION 1.2
September, 1998
YES
OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION (enter "X" in "YES" box and initial groundwater conc. below)
YES X
ENTER ENTER
Initial
Chemical groundwater
CAS No. conc.,
(numbers only, CW
no dashes) (μg/L) Chemical
108883 7340 Toluene
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Depth Totals must add up to value of LWT (cell D28) Soil
Average below grade Thickness Thickness stratum A User-defined
soil/ to bottom Depth Thickness of soil of soil Soil SCS stratum A
groundwater of enclosed below grade of soil stratum B, stratum C, stratum SCS soil type soil vapor
temperature, space floor, to water table, stratum A, (Enter value or 0) (Enter value or 0) directly above soil type (used to estimate OR permeability,
TS LF LWT hA hB hC water table, directly above soil vapor kv
(oC) (cm) (cm) (cm) (cm) (cm) (Enter A, B, or C) water table permeability) (cm2)
10 10 750 450 300 0 B S S
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C
soil dry soil total soil water-filled soil dry soil total soil water-filled soil dry soil total soil water-filled
bulk density, porosity, porosity, bulk density, porosity, porosity, bulk density, porosity, porosity,
ρbA n
A θwA ρbB n
B θwB ρbC n
C θwC
(g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3)
1,4 0,43 0,2 1,4 0,42 0,27 1,7 0,43 0,3
ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed
space Soil-bldg. space space Enclosed Floor-wall Indoor
floor pressure floor floor space seam crack air exchange
thickness, differential, length, width, height, width, rate,
Lcrack ΔP LB WB HB w ER
(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h)
10 20 10000 10000 10 0,1 0,45
ENTER ENTER ENTER ENTER ENTER ENTER
Averaging Averaging Target Target hazard
time for time for Exposure Exposure risk for quotient for
carcinogens, noncarcinogens, duration, frequency, carcinogens, noncarcinogens,
ATC ATNC ED EF TR THQ
(yrs) (yrs) (yrs) (days/yr) (unitless) (unitless)
70 30 30 350 1,0E-06 1
Used to calculate risk-based
groundwater concentration.
 
 
RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: INCREMENTAL RISK CALCULATIONS:
Incremental Hazard
Indoor Indoor Risk-based Pure Final risk from quotient
exposure exposure indoor component indoor vapor from vapor
groundwater groundwater exposure water exposure intrusion to intrusion to
conc., conc., groundwater solubility, groundwater indoor air, indoor air,
carcinogen noncarcinogen conc., S conc., carcinogen noncarcinogen
(μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (unitless) (unitless)
NA NA NA NA NA NA 3,0E-01
ERROR SUMMARY BELOW: (DO NOT USE RESULTS IF ERRORS ARE PRESENT)
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Soil - Ethyl benzene 
 
CALCULATE RISK-BASED SOIL CONCENTRATION (enter "X" in "YES" box) VERSION 1.2
September, 1998
YES
OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL SOIL CONCENTRATION (enter "X" in "YES" box and initial soil conc. below)
YES X
ENTER ENTER
Initial
Chemical soil
CAS No. conc.,
(numbers only, CR
no dashes) (μg/kg) Chemical
100414 5080 Ethylbenzene
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Depth Depth below Totals must add up to value of Lt (cell D28) Soil
below grade grade to bottom Thickness Thickness stratum A User-defined
Average to bottom Depth below of contamination, Thickness of soil of soil SCS stratum A
soil of enclosed grade to top (enter value of 0 of soil stratum B, stratum C, soil type soil vapor
temperature, space floor, of contamination, if value is unknown) stratum A, (Enter value or 0) (Enter value or 0) (used to estimate OR permeability,
TS LF Lt Lb hA hB hC soil vapor kv
(oC) (cm) (cm) (cm) (cm) (cm) (cm) permeability) (cm2)
10 10 40 0 40 0 0 S
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C
soil dry soil total soil water-filled soil organic soil dry soil total soil water-filled soil organic soil dry soil total
bulk density, porosity, porosity, carbon fraction, bulk density, porosity, porosity, carbon fraction, bulk density, porosity,
ρbA n
A θwA focA ρbB n
B θwB focB ρbC n
C
(g/cm3) (unitless) (cm3/cm3) (unitless) (g/cm3) (unitless) (cm3/cm3) (unitless) (g/cm3) (unitless)
1,4 0,43 0,15 0,006 1,5 0,43 0,25 0,003 1,7 0,34
ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed
space Soil-bldg. space space Enclosed Floor-wall Indoor
floor pressure floor floor space seam crack air exchange
thickness, differential, length, width, height, width, rate,
Lcrack ΔP LB WB HB w ER
(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h)
10 20 10000 10000 10 0,1 0,45
ENTER ENTER ENTER ENTER ENTER ENTER
Averaging Averaging Target Target hazard
time for time for Exposure Exposure risk for quotient for
carcinogens, noncarcinogens, duration, frequency, carcinogens, noncarcinogens,
ATc ATnc ED EF TR THQ
(yrs) (yrs) (yrs) (days/yr) (unitless) (unitless)
70 30 30 350 1,0E-06 1
Used to calculate risk-based
soil concentration.
 
 
RISK-BASED SOIL CONCENTRATION CALCULATIONS: INCREMENTAL RISK CALCULATIONS:
Incremental Hazard
Indoor Indoor Risk-based Final risk from quotient
exposure exposure indoor Soil indoor vapor from vapor
soil soil exposure saturation exposure intrusion to intrusion to
conc., conc., soil conc., soil indoor air, indoor air,
carcinogen noncarcinogen conc., Csat conc., carcinogen noncarcinogen
(μg/kg) (μg/kg) (μg/kg) (μg/kg) (μg/kg) (unitless) (unitless)
NA NA NA 3,91E+05 NA NA 1,3E+01
ERROR SUMMARY BELOW: (DO NOT USE RESULTS IF ERRORS ARE PRESENT)
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Ground water - Ethyl benzene 
 
CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box) VERSION 1.2
September, 1998
YES
OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION (enter "X" in "YES" box and initial groundwater conc. below)
YES X
ENTER ENTER
Initial
Chemical groundwater
CAS No. conc.,
(numbers only, CW
no dashes) (μg/L) Chemical
100414 8110 Ethylbenzene
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Depth Totals must add up to value of LWT (cell D28) Soil
Average below grade Thickness Thickness stratum A User-defined
soil/ to bottom Depth Thickness of soil of soil Soil SCS stratum A
groundwater of enclosed below grade of soil stratum B, stratum C, stratum SCS soil type soil vapor
temperature, space floor, to water table, stratum A, (Enter value or 0) (Enter value or 0) directly above soil type (used to estimate OR permeability,
TS LF LWT hA hB hC water table, directly above soil vapor kv
(oC) (cm) (cm) (cm) (cm) (cm) (Enter A, B, or C) water table permeability) (cm2)
10 10 750 450 300 0 B S S
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C
soil dry soil total soil water-filled soil dry soil total soil water-filled soil dry soil total soil water-filled
bulk density, porosity, porosity, bulk density, porosity, porosity, bulk density, porosity, porosity,
ρbA n
A θwA ρbB n
B θwB ρbC n
C θwC
(g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3)
1,4 0,43 0,2 1,4 0,42 0,27 1,7 0,43 0,3
ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed
space Soil-bldg. space space Enclosed Floor-wall Indoor
floor pressure floor floor space seam crack air exchange
thickness, differential, length, width, height, width, rate,
Lcrack ΔP LB WB HB w ER
(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h)
10 20 10000 10000 10 0,1 0,45
ENTER ENTER ENTER ENTER ENTER ENTER
Averaging Averaging Target Target hazard
time for time for Exposure Exposure risk for quotient for
carcinogens, noncarcinogens, duration, frequency, carcinogens, noncarcinogens,
ATC ATNC ED EF TR THQ
(yrs) (yrs) (yrs) (days/yr) (unitless) (unitless)
70 30 30 350 1,0E-06 1
Used to calculate risk-based
groundwater concentration.
 
RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: INCREMENTAL RISK CALCULATIONS:
Incremental Hazard
Indoor Indoor Risk-based Pure Final risk from quotient
exposure exposure indoor component indoor vapor from vapor
groundwater groundwater exposure water exposure intrusion to intrusion to
conc., conc., groundwater solubility, groundwater indoor air, indoor air,
carcinogen noncarcinogen conc., S conc., carcinogen noncarcinogen
(μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (unitless) (unitless)
NA NA NA NA NA NA 1,3E+01
ERROR SUMMARY BELOW: (DO NOT USE RESULTS IF ERRORS ARE PRESENT)
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Soil - m-xylene 
 
CALCULATE RISK-BASED SOIL CONCENTRATION (enter "X" in "YES" box) VERSION 1.2
September, 1998
YES
OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL SOIL CONCENTRATION (enter "X" in "YES" box and initial soil conc. below)
YES X
ENTER ENTER
Initial
Chemical soil
CAS No. conc.,
(numbers only, CR
no dashes) (μg/kg) Chemical
108383 8800 m-Xylene
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Depth Depth below Totals must add up to value of Lt (cell D28) Soil
below grade grade to bottom Thickness Thickness stratum A User-defined
Average to bottom Depth below of contamination, Thickness of soil of soil SCS stratum A
soil of enclosed grade to top (enter value of 0 of soil stratum B, stratum C, soil type soil vapor
temperature, space floor, of contamination, if value is unknown) stratum A, (Enter value or 0) (Enter value or 0) (used to estimate OR permeability,
TS LF Lt Lb hA hB hC soil vapor kv
(oC) (cm) (cm) (cm) (cm) (cm) (cm) permeability) (cm2)
10 10 40 0 40 0 0 S
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C
soil dry soil total soil water-filled soil organic soil dry soil total soil water-filled soil organic soil dry soil total
bulk density, porosity, porosity, carbon fraction, bulk density, porosity, porosity, carbon fraction, bulk density, porosity,
ρbA n
A θwA focA ρbB n
B θwB focB ρbC n
C
(g/cm3) (unitless) (cm3/cm3) (unitless) (g/cm3) (unitless) (cm3/cm3) (unitless) (g/cm3) (unitless)
1,4 0,43 0,15 0,006 1,5 0,43 0,25 0,003 1,7 0,34
ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed
space Soil-bldg. space space Enclosed Floor-wall Indoor
floor pressure floor floor space seam crack air exchange
thickness, differential, length, width, height, width, rate,
Lcrack ΔP LB WB HB w ER
(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h)
10 20 10000 10000 10 0,1 0,45
ENTER ENTER ENTER ENTER ENTER ENTER
Averaging Averaging Target Target hazard
time for time for Exposure Exposure risk for quotient for
carcinogens, noncarcinogens, duration, frequency, carcinogens, noncarcinogens,
ATc ATnc ED EF TR THQ
(yrs) (yrs) (yrs) (days/yr) (unitless) (unitless)
70 30 30 350 1,0E-06 1
Used to calculate risk-based
soil concentration.
 
 
RISK-BASED SOIL CONCENTRATION CALCULATIONS: INCREMENTAL RISK CALCULATIONS:
Incremental Hazard
Indoor Indoor Risk-based Final risk from quotient
exposure exposure indoor Soil indoor vapor from vapor
soil soil exposure saturation exposure intrusion to intrusion to
conc., conc., soil conc., soil indoor air, indoor air,
carcinogen noncarcinogen conc., Csat conc., carcinogen noncarcinogen
(μg/kg) (μg/kg) (μg/kg) (μg/kg) (μg/kg) (unitless) (unitless)
NA NA NA 4,14E+05 NA NA 2,6E+01
ERROR SUMMARY BELOW: (DO NOT USE RESULTS IF ERRORS ARE PRESENT)
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Ground water - m-xylene 
 
CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box) VERSION 1.2
September, 1998
YES
OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION (enter "X" in "YES" box and initial groundwater conc. below)
YES X
ENTER ENTER
Initial
Chemical groundwater
CAS No. conc.,
(numbers only, CW
no dashes) (μg/L) Chemical
108383 42940 m-Xylene
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Depth Totals must add up to value of LWT (cell D28) Soil
Average below grade Thickness Thickness stratum A User-defined
soil/ to bottom Depth Thickness of soil of soil Soil SCS stratum A
groundwater of enclosed below grade of soil stratum B, stratum C, stratum SCS soil type soil vapor
temperature, space floor, to water table, stratum A, (Enter value or 0) (Enter value or 0) directly above soil type (used to estimate OR permeability,
TS LF LWT hA hB hC water table, directly above soil vapor kv
(oC) (cm) (cm) (cm) (cm) (cm) (Enter A, B, or C) water table permeability) (cm2)
10 10 750 450 300 0 B S S
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C
soil dry soil total soil water-filled soil dry soil total soil water-filled soil dry soil total soil water-filled
bulk density, porosity, porosity, bulk density, porosity, porosity, bulk density, porosity, porosity,
ρbA n
A θwA ρbB n
B θwB ρbC n
C θwC
(g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3)
1,4 0,43 0,2 1,4 0,42 0,27 1,7 0,43 0,3
ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed
space Soil-bldg. space space Enclosed Floor-wall Indoor
floor pressure floor floor space seam crack air exchange
thickness, differential, length, width, height, width, rate,
Lcrack ΔP LB WB HB w ER
(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h)
10 20 10000 10000 10 0,1 0,45
ENTER ENTER ENTER ENTER ENTER ENTER
Averaging Averaging Target Target hazard
time for time for Exposure Exposure risk for quotient for
carcinogens, noncarcinogens, duration, frequency, carcinogens, noncarcinogens,
ATC ATNC ED EF TR THQ
(yrs) (yrs) (yrs) (days/yr) (unitless) (unitless)
70 30 30 350 1,0E-06 1
Used to calculate risk-based
groundwater concentration.
 
 
RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: INCREMENTAL RISK CALCULATIONS:
Incremental Hazard
Indoor Indoor Risk-based Pure Final risk from quotient
exposure exposure indoor component indoor vapor from vapor
groundwater groundwater exposure water exposure intrusion to intrusion to
conc., conc., groundwater solubility, groundwater indoor air, indoor air,
carcinogen noncarcinogen conc., S conc., carcinogen noncarcinogen
(μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (unitless) (unitless)
NA NA NA NA NA NA 8,6E+01
ERROR SUMMARY BELOW: (DO NOT USE RESULTS IF ERRORS ARE PRESENT)
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Ground water - Trichloroethene 
 
CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box) VERSION 1.2
September, 1998
YES
OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION (enter "X" in "YES" box and initial groundwater conc. below)
YES X
ENTER ENTER
Initial
Chemical groundwater
CAS No. conc.,
(numbers only, CW
no dashes) (μg/L) Chemical
79016 12 Trichloroethylene
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Depth Totals must add up to value of LWT (cell D28) Soil
Average below grade Thickness Thickness stratum A User-defined
soil/ to bottom Depth Thickness of soil of soil Soil SCS stratum A
groundwater of enclosed below grade of soil stratum B, stratum C, stratum SCS soil type soil vapor
temperature, space floor, to water table, stratum A, (Enter value or 0) (Enter value or 0) directly above soil type (used to estimate OR permeability,
TS LF LWT hA hB hC water table, directly above soil vapor kv
(oC) (cm) (cm) (cm) (cm) (cm) (Enter A, B, or C) water table permeability) (cm2)
10 10 750 450 300 0 B S S
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C
soil dry soil total soil water-filled soil dry soil total soil water-filled soil dry soil total soil water-filled
bulk density, porosity, porosity, bulk density, porosity, porosity, bulk density, porosity, porosity,
ρbA n
A θwA ρbB n
B θwB ρbC n
C θwC
(g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3)
1,4 0,43 0,2 1,4 0,42 0,27 1,7 0,43 0,3
ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed
space Soil-bldg. space space Enclosed Floor-wall Indoor
floor pressure floor floor space seam crack air exchange
thickness, differential, length, width, height, width, rate,
Lcrack ΔP LB WB HB w ER
(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h)
10 20 10000 10000 10 0,1 0,45
ENTER ENTER ENTER ENTER ENTER ENTER
Averaging Averaging Target Target hazard
time for time for Exposure Exposure risk for quotient for
carcinogens, noncarcinogens, duration, frequency, carcinogens, noncarcinogens,
ATC ATNC ED EF TR THQ
(yrs) (yrs) (yrs) (days/yr) (unitless) (unitless)
70 30 30 350 1,0E-06 1
Used to calculate risk-based
groundwater concentration.
 
 
RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: INCREMENTAL RISK CALCULATIONS:
Incremental Hazard
Indoor Indoor Risk-based Pure Final risk from quotient
exposure exposure indoor component indoor vapor from vapor
groundwater groundwater exposure water exposure intrusion to intrusion to
conc., conc., groundwater solubility, groundwater indoor air, indoor air,
carcinogen noncarcinogen conc., S conc., carcinogen noncarcinogen
(μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (unitless) (unitless)
NA NA NA NA NA NA 1,2E-03
ERROR SUMMARY BELOW: (DO NOT USE RESULTS IF ERRORS ARE PRESENT)
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Ground water – Tetrachloroethene 
 
CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box) VERSION 1.2
September, 1998
YES
OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION (enter "X" in "YES" box and initial groundwater conc. below)
YES X
ENTER ENTER
Initial
Chemical groundwater
CAS No. conc.,
(numbers only, CW
no dashes) (μg/L) Chemical
128184 22 CAS No. not found
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Depth Totals must add up to value of LWT (cell D28) Soil
Average below grade Thickness Thickness stratum A User-defined
soil/ to bottom Depth Thickness of soil of soil Soil SCS stratum A
groundwater of enclosed below grade of soil stratum B, stratum C, stratum SCS soil type soil vapor
temperature, space floor, to water table, stratum A, (Enter value or 0) (Enter value or 0) directly above soil type (used to estimate OR permeability,
TS LF LWT hA hB hC water table, directly above soil vapor kv
(oC) (cm) (cm) (cm) (cm) (cm) (Enter A, B, or C) water table permeability) (cm2)
10 10 750 450 300 0 B S S
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C
soil dry soil total soil water-filled soil dry soil total soil water-filled soil dry soil total soil water-filled
bulk density, porosity, porosity, bulk density, porosity, porosity, bulk density, porosity, porosity,
ρbA n
A θwA ρbB n
B θwB ρbC n
C θwC
(g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3)
1,4 0,43 0,2 1,4 0,42 0,27 1,7 0,43 0,3
ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed
space Soil-bldg. space space Enclosed Floor-wall Indoor
floor pressure floor floor space seam crack air exchange
thickness, differential, length, width, height, width, rate,
Lcrack ΔP LB WB HB w ER
(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h)
10 20 10000 10000 10 0,1 0,45
ENTER ENTER ENTER ENTER ENTER ENTER
Averaging Averaging Target Target hazard
time for time for Exposure Exposure risk for quotient for
carcinogens, noncarcinogens, duration, frequency, carcinogens, noncarcinogens,
ATC ATNC ED EF TR THQ
(yrs) (yrs) (yrs) (days/yr) (unitless) (unitless)
70 30 30 350 1,0E-06 1
Used to calculate risk-based
groundwater concentration.
 
RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: INCREMENTAL RISK CALCULATIONS:
Incremental Hazard
Indoor Indoor Risk-based Pure Final risk from quotient
exposure exposure indoor component indoor vapor from vapor
groundwater groundwater exposure water exposure intrusion to intrusion to
conc., conc., groundwater solubility, groundwater indoor air, indoor air,
carcinogen noncarcinogen conc., S conc., carcinogen noncarcinogen
(μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (unitless) (unitless)
NA NA NA NA NA NA 2,6E-03
ERROR SUMMARY BELOW: (DO NOT USE RESULTS IF ERRORS ARE PRESENT)  
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Ground water – cis 1,2 Dichloroethene 
 
CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box) VERSION 1.2
September, 1998
YES
OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION (enter "X" in "YES" box and initial groundwater conc. below)
YES X
ENTER ENTER
Initial
Chemical groundwater
CAS No. conc.,
(numbers only, CW
no dashes) (μg/L) Chemical
156592 63 cis-1,2-Dichloroethylene
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Depth Totals must add up to value of LWT (cell D28) Soil
Average below grade Thickness Thickness stratum A User-defined
soil/ to bottom Depth Thickness of soil of soil Soil SCS stratum A
groundwater of enclosed below grade of soil stratum B, stratum C, stratum SCS soil type soil vapor
temperature, space floor, to water table, stratum A, (Enter value or 0) (Enter value or 0) directly above soil type (used to estimate OR permeability,
TS LF LWT hA hB hC water table, directly above soil vapor kv
(oC) (cm) (cm) (cm) (cm) (cm) (Enter A, B, or C) water table permeability) (cm2)
10 10 750 450 300 0 B S S
ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C
soil dry soil total soil water-filled soil dry soil total soil water-filled soil dry soil total soil water-filled
bulk density, porosity, porosity, bulk density, porosity, porosity, bulk density, porosity, porosity,
ρbA n
A θwA ρbB n
B θwB ρbC n
C θwC
(g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3)
1,4 0,43 0,2 1,4 0,42 0,27 1,7 0,43 0,3
ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed
space Soil-bldg. space space Enclosed Floor-wall Indoor
floor pressure floor floor space seam crack air exchange
thickness, differential, length, width, height, width, rate,
Lcrack ΔP LB WB HB w ER
(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h)
10 20 10000 10000 10 0,1 0,45
ENTER ENTER ENTER ENTER ENTER ENTER
Averaging Averaging Target Target hazard
time for time for Exposure Exposure risk for quotient for
carcinogens, noncarcinogens, duration, frequency, carcinogens, noncarcinogens,
ATC ATNC ED EF TR THQ
(yrs) (yrs) (yrs) (days/yr) (unitless) (unitless)
70 30 30 350 1,0E-06 1
Used to calculate risk-based
groundwater concentration.
 
 
RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: INCREMENTAL RISK CALCULATIONS:
Incremental Hazard
Indoor Indoor Risk-based Pure Final risk from quotient
exposure exposure indoor component indoor vapor from vapor
groundwater groundwater exposure water exposure intrusion to intrusion to
conc., conc., groundwater solubility, groundwater indoor air, indoor air,
carcinogen noncarcinogen conc., S conc., carcinogen noncarcinogen
(μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (unitless) (unitless)
NA NA NA NA NA NA 1,6E-01
ERROR SUMMARY BELOW: (DO NOT USE RESULTS IF ERRORS ARE PRESENT)
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